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PREFACE 
Corrosion is a phenomenon of universal interest. It affects 
tiie economy of a country and causes hazards to the health of 
human lives, as well. The seriousness of the problem has made 
the scientists all over the world very much corrosion conscious 
and devising ways of preventing corrosion has become a part of 
their struggle against corrosion. Numerous methods of prevention 
have been suggested and among them corrosion control through 
the application of inhibitors has received the attention of the 
scientists to a very great extent, due to simplicity of the method. 
Being specific to a system this needs thorough consideration. 
Present thesis which is in the form of compilation of recently 
published papers by the author and co authors, highlights the 
advances made in the filed of corrosion inhibitors, with a 
particular reference to their synthesis and evaluation in different 
corrosive environments. Eighty-seven papers have been selected 
by the author out of the hundred papers published by so far in the 
field of corrosion science and technology. 
Thesis begins with an introduction (chapter 1), It gives an 
overview of the phenomenology of corrosion inhibition. It 
includes definition, classification and mechanism of corrosion 
inhibition. Some newer aspects of corrosion inhibitors such as 
hard and soft acid base principle hydrophobicity, and synergism 
have been included. Application of Hammett and, Hansch 
equation has also been discussed. 
Chapter 2 includes papers concerning the inhibiting 
properties of several novel classes of inhibitors on corrosion of 
(ii) 
mild steel in HCl and H2S04 solutions. The characteristics of 
organic inhibitors have been explained in terms of factors such as 
inhibitor concentration, acid concentration (IN - 5N), 
temperature and immersion time. The inhibiting behaviour has 
been explained in terms of HSAB principle and synergism. The 
correlation between molecular structure and inhibition efficiency 
has been discussed in light of electronic and steric factors. 
Besides weight loss, potentiodynamic polarization, electro-
chemical hydrogen permeation and electrochemical impedance 
spectroscopy techniques have been used to investigate the 
mechanism of corrosion inhibition. Auger electron spectroscopy, 
reflectance spectroscopy, X ray diffraction techniques have been 
used for surface characterization of the inhibitor films. Papers 
pertaining to corrosion inhibition studies in boiling hydrochloric 
acid and concentrated hot sulphuric acid has also been included 
in this chapter. 
Chapter 3 includes the papers concerning the performance 
of naturally occurring compounds and synthesized compounds as 
cooling water inhibitors for mild steel and copper alloys. 
Aqueous extracts of a number of plant materials namely, 
Azadirachta indica, Agaricus, Cordia latifolia, Curcumin, 
Eucalyptus Hibiscus, Jasuminum auriculatum, Momordica 
charantia and Punica granatum available in plenty and at very 
low cost in India, were tried as cooling inhibitors. The 
performance of inhibitors was assessed under static and 
flowing/simulated-cooling water conditions with the help of 
weight loss, potentiodynamic polarization and impedance studies. 
Calcium tolerance tests were performed to assess the efficacy of 
(iii) 
these compounds in water containing high calcium hardness. 
Compatibility of these compounds with chlorine, the common 
oxidizing biocide for cooling water, was assessed through 
chlorine tolerance tests. Microbiological tests were carried out to 
assess the performance of the compounds for biocidal properties. 
Surface analysis studies were carried out with the help of scan 
electron microscopy and X - ray diffraction techniques. The blow 
down of the cooling water system was analyzed for 
environmental parameters of concerned like, BOD, COD, SS etc., 
BOD / COD is an important environmental parameters that shows 
the pollution strength of water / waste water. As the blow down 
is generally discharged into rivers, toxicity of these compounds 
to aquatic life was also found out. 
Chapter 4 comprises of papers on synthesis and evaluation 
of vapor phase inhibitors for ferrous and non-ferrous metals. 
Besides weight loss method, VCIs have also been investigated by 
Eschke test, sodium chloride inoculation test, sulphurdioxide 
test. Vapour pressure of the synthesized VCIs have been 
determined by Knudsen method. 
Chapter 5 includes papers on corrosion inhibition of tin cans in 
citric acid, fruit juices, mild steel in organic acids, sulphamic 
acid and Li - Al alloy in alkaline solution. Studies related to 
corros-ion inhibition in paper pulp environment are also included 
in this chapter. 
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CHAPTER-1 
Phenomenology and Scope of 
Corrosion Inhibitors 
Corrosion is defined as the destruction or deterioration of 
metals in environments to which they are exposed by chemical and 
electrochemical means [1] Corrosion causes enormous economic 
losses. In United States of America the economic losses have been 
estimated as high as $ 270 billons per year. The economic losses in 
India are about Rs. 30,000 crores per year. 
Among the available methods of preventing corrosion the use 
of inhibitors is one of the most effective methods due to the ease of 
application and cost effectiveness. A significant part of the cost can 
be minimized by using inhibitors. In industries inhibitors are used 
in many systems including cooling systems, refinery units, pipeline 
chemical operation, steam generations, oil and gas production units. 
According to NACE "an inhibitor is a substance which retards 
corrosion when added to an environment in small concentrations" 
[2] and the recent ISO definition of an inhibitor is chemical 
substance which decreases the corrosion rate when present in the 
corrosion system at a suitable concentration without significantly 
changing the concentration of any other corrosive agent [3]. 
Inhibitors are being used from 19^ '^  century onwards vegetable 
wastes, plant extracts [4-5] were used as inhibitors. Putilova et al 
[6] have reviewed metallic corrosion inhibitors. Reviews on 
corrosion inhibitors [7-10] have been published Several books ha\'e 
been published on this subject [11-12]. The university of Ferrara. 
Italy, conducts a symposium on corrosion inhibition once in five 
years [13]. All the international seminars on corrosion discuss the 
developments and application of corrosion inhibitors [14-15]. 
Corrosion inhibition was a practical art in early times. It has no^^ 
reached maturity and attained scientific status. Initial!} empirical 
approaches were used for selection of inhibitor. Scientific 
approaches are being used in recent years. The selection and design 
of inhibitors is now based on hydrophobicity, Hammett parameters, 
Hansch equation and quantum chemical calculations. The 
application of modern instrumentation techniques such as x-ray 
photoclectron spectroscopy (XPS). Auger electron spectroscopy and 
secondary ion mass spectrometry coupled with electrochemical 
techniques which measure the polarization curves, polarization 
resistance electrochemical noise and electrochemical impedance 
have simplified the elucidation of corrosion inhibition mechanisms. 
1.1 TYPES OF INHIBITORS 
Inhibitors have been classified on the basis of their chemical 
nature, corrosive medium and methods of corrosion control. The 
main classes of inhibitors are as follows: 
1.1.1 Anodic Inhibitors 
They enhance the potential of the metal by polarization of the 
anodes. Generally anodic inhibitors can fully prevent corrosion and 
retain surfaces in their original clean conditions. However, they are 
susceptible to the presence of aggressive ions, like, halides, sulfates 
and nitrates. They may allow severe local attack of the metal when 
inhibition is less than fully effective and are thus classified as 
dangerous inhibitors. Chromates, orthophosphate, nitrite, molybdate 
and silicates are the examples of anodic inhibitors. 
In the presence of anodic inhibitors, displacement in corrosion 
potential (Ecorr) takes place in positive direction. Anodic inhibitors, 
which cause a large shift in corrosion potential, are called 
passivating inhibitors. If corrosion of a metal or alloy is controlled 
by the anodic reaction, the decrease in overall corrosion rate would 
be proportional to the portion of the anodic areas being polarized. 
The inhibition mechanism of the anodic corrosion inhibitors has 
been a matter of long dispute. One theory supports the formation of 
protective insoluble film on metals in the presence of the inhibitors 
while, the other can be understood in such a way that, the inhibitors 
get adsorbed by specific force interaction or through chemisorption 
on the surface of metals. 
1.L2 Cathpdic Inhibitors 
Cathodic inhibitors impede the cathodic reaction. Cathodic 
inhibitors, less effective than anodic, are less susceptible to 
aggressive ions but require movement of solution to achieve 
maximum efficiency. Cations are usually necessary for achieving 
the inhibition of cathodic sites. Cathodic inhibitors are considered 
safe because localized corrosion does not occur at low 
concentrations. Zinc, phosphates and salts of metals are examples of 
cathodic inhibitors. 
Cathodic inhibitors displace the corrosion potential (Eeorr) in 
the negative direction and reduce corrosion current. The cathodic 
inhibitors, with a few exceptions, do not lead to intensified or 
localized attack since cathodic areas are not attacked during 
corrosion. The mechanism of cathodic inhibitors, as proposed bv 
Bockris and Conway [16] is due to an increase of the hydrogen over 
voltage rather than by an adsorbed inhibitor film on the metal 
surface. However, the most accepted theory of cathodic inhibition 
being the adsorption of inhibitors on the metal surface [17]. 
1.1.3 Mixed Inhibitors 
They inhibit both the cathodic and anodic reactions. Glue, 
gelatin and other high molecular weight substances fall in this 
category. Their inhibitive action on the metal - liquid interface is 
due to their concentration or coagulation, thereby shielding the 
metal surface. It has been reported that they form a porous layer, 
which increases the electrical resistance of the surface layers [18-
19]. 
1.1.4 Screening (film forming) Inhibitors 
They cover the metal surface and prevent the access of the 
corrosive environment. Instead of reacting with or removing an 
active corrosion species, filming inhibitors function by strong 
adsorption, or chemisorption, and decrease attack by creating a 
barrier between the metal and the environment [20]. Screening 
inhibitors, like, soluble oils and tannins are less susceptible to 
aggressive ions. The presence of films of some thickness on the 
metal surface may affect processes of heat transfer and fluid 
transfer although there is little documentary evidence of such 
effects. Instead of reacting with or removing an active corrosive 
species, they function by strong adsorption, chemisorption. 
1.1.5 Vapor Phase Inhibitors 
The substances, which protect metallic materials against 
atmospheric corrosion due to their volatile nature, are called vapour 
phase inhibitors or volatile corrosion inhibitors. Volatile solids 
such as nitrates and benzoates, salts of dicyclohexyl amine and 
cyclohexylamine are used in closed spaces like shipping containers. 
The inhibitor vapour condenses on metal surface and is hydrolyzed 
by moisture present and protects the metal [21]. 
1.1.6 Acid/ Alkaline/ Neutral Inhibitors 
Acid inhibitors include inorganic and organic inhibitors. Br 
and r [22] have been found to be effective inhibitors for acid 
solutions. Various classes of organic compounds, such as, alcohols, 
amines, aldehydes, mercaptans, alkaloids, aliphatic, aromatic, 
heterocyclics, fatty acids, polymers, natural products and some 
condensation products have been extensively used as corrosion 
inhibitors in recent past. Schimitt [23] has reviewed a large number 
of acid inhibitors. The study of various organic compounds in 
relation to their different environments has been excellently 
reviewed by Sanyal [24]. 
1.2 SYNERGISM IN INHIBITION 
Synergism is the term applied to the marked reinforcement of 
the inhibiting action of one inhibitor by the addition of small 
amounts of second inhibitor, even though the second inhibitor is 
less effective when used alone. 
The inhibition efficiency of acetylenic compounds has been 
greatly improved when combined with amines or thio compounds 
[25]. 
It was shown by Foley [26] that tetraisoamyl ammonium 
sulphate has little influence on the dissolution of iron in 4N 
sulphuric acid. However, when 0.005N KI was added, the organic 
cation is adsorbed reducing the double layer capacity and the 
dissolution of iron is very much decreased. 
The phenomenon of synergism is also supported by the 
synergistic parameter (Sj) which was calculated by using the 
relationship given by Aramaki and Hackerman [27]. 
Si = ilzlu:A ....(1) 
1-r ) 
' ' 1 + 2 / 
Where I1+2 = (Ii + I2) - Ii I2; Ii = inhibition efficiency of the anion; 
I2 = inhibition efficiency of the cation; V \+2 = m.easured inhibition 
efficiency for the cation in combination with anion. 
1.3 HAMMETT EQUATION IN CORROSION INHIBITION 
Hammett equation has been applied to corrosion inhibition and 
the corrosion inhibition efficiencies of various substituted organic 
inhibitors were correlated with Hammett 's a parameter which is a 
measure of the electron donating or with drawing ability of the 
substituent [28]. The principle of substituting organic inhibitors 
with electron donating substituents and thereby increasing the 
electron density at the donor atom and hence corrosion inhibition 
efficiency has been applied to aromatic acids, aromatic amines and 
aromatic nitriles. In thiophene derivatives [29] substituents 
increased the dipole moment of the molecule thereby causing an 
increase in adsorption and inhibition efficiency. 
Following relation was given as an application of the Hammet 
equation in corrosion inhibition by a blocking mechanism. 
l o g ( l - y R ) / ( l - Y „ ) = p a .... (2) 
VR and YH are inhibitors efficiencies in blanks and inhibited solution 
p --- constant and a measure of the sensitivity of the equilibrium 
constant. 
a = substituent constant, substituents with positive value of a are 
classified as electron withdrawing groups while negative values as 
electron donating groups. 
For corrosion inhibition due to changes in AC'corr- following 
equation is valid [30] 
logyR= log YH + pa .... (3) 
Corrosion inhibition can also occur with both by surface blocking as 
well as due to changes in AG"corr as a result of charge 
redistrinu^ion in the electrical double layer. Such reactions are 
described by the equation 
log YR / YH =pcy - log GR/GH (4) 
G = surface covered by inhibitors. 
1.4 QUANTUM CHEMISTRY IN CORROSION INHIBITION 
For proper design and selection of corrosion inhibitors 
quantum chemical calculations provide, qualitative and semi-
quantitative information [31-33]. 
Chakrabarti [32] used the simple Huckel molecular orbital 
theory in studying the corrosion inhibition of mild steel in 6% HCl 
by biguanide and biurets compounds. It was found that the 
inhibition efficiency depends mostly upon the energy of the highest 
occupied molecular orbitakl (HOMO) and energy of the lowest 
unoccupied molecular orbital (LUMO). The inhibitors act as 
electron donors to the iron atoms, block the corrosion reaction by 
the formation of a bond. 
The linear combination of atomic orbitals (LCAO) self 
consistent field (SCF) molecular orbital(MO) semicmpirical method 
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was used to study linear chain diols, diamines and aliphatic 
aminoalcohols. It was observed that the corrosion inhibition in high 
when the molecule is planar and has a high energy value for HOMO. 
1.5 HSAB PRINCIPLE IN CORROSION INHIBITION 
The hard and soft acid base theory pronounced by Pearson 
[34] was applied to corrosion inhibition phenomena. According to 
HSAB principle inhibitors have been termed as 'hard ' 'soft ' 
inhibitors [35]. Softness and hardness are associated with high and 
low polarizability respectively [34]. According to hard and soft 
base (HSAB) principle, hard acids react with hard bases more 
readily than with soft bases. Neutral metal atoms are soft acids 
which tend to react with soft bases such as sulphur — bearing 
inhibitors. Nitrogen-containing inhibitors are considered to be hard 
bases and may interact with neutral metal atoms less strongly than 
sulfur containing inhibitors [36]. Hence HSAB Principle has been 
extensively used in proper designing and selection of inhibitors in 
environments of interest. The application of the HSAB principle to 
adsorption of inhibitors has been analysed quantatively for a 
general reaction [37] 
VaSi. + vn [ M ] L -> Vc [M]S | Vn L . L .... (5) 
where Va, v^, Ve stoichiometric coefficients 
3 = ^^sofbiPg species, M = Metal, L = Solvent 
In terms of standard free energy and HSAB equation is 
modified and given as 
- G [M]s ^ G - K H S G [M]S(H) - K s s G [ M ] S ( S ) •••• ( 6 ) 
G" = Standard free energy of charge transfer from donor to 
acceptor. G°[M]S and G[M]S(H) standard energies of stabilization due 
to 'hard' and 'soft ' interaction, ku and ks are coefficients. 
Finally the expression is written as 
GVs = a 2 (We ± V°M/L F -Z^ XWL F - F a/n + <\> ¥) + (Z . -a .n) 
( ( | )+AM/I)F ....(7) 
a = degree of charge transfer, F = Faraday, Z = charge 
V°M/L = Voltaic potential of metal solvent interface. 
We = electronic work function of metal, ^ = electron potential. 
The sign and value of 0 determines the nature of adsorption. 
When <j) < 0, adsorbents of cation-type (hard) are predominantly 
adsorbed. When (f) > 0 for metals, anion - type adsorbents (hard 
bases) are adsorbed. When (j) = O, metals are biphylic and neutral 
dipole adsorbents are adsorbed. 
Application of HSAB principle shows that metals such as Hg, 
Cd, Pb & Zn belong to 'hard ' type. The surface complexes formed 
are due to the 'hard ' type interaction. For example hot type of 
inhibitors such as aliphatic alcohols, acids, amines and border line 
inhibitors such as aromatic amines and pyridine bases are readily 
adsorbed on these metals. 
1.6 HYDROPHOBICITY IN CORROSION INHIBITION (HANSCH 
MODEL) 
Hansch equation and hydrophobicity give criteria in the 
selection of inhibitors. Modified Hansch equation [38] for corrosion 
inhibition is given as 
log A - -(log P)- + b log P + c (p) + cte .... (8) 
A and P are coefficients of distribution, a and b are constants, c is 
the concentration of the inhibitor, cte is free enthalpy change 
involved in the active inhibitor to corrosion site interaction process, 
p is electronic factor. 
When corrosion inhibition is achieved by surface active 
compounds with amphiphatic structure such as hydrocarbon chains, 
extensive hydrogen bonding in water is affected by the hydrophobic 
groups of the surface active compounds dissolved in water. The 
polar functional groups adsorbs on the metal with a hydrophobic 
tail. The hydrophobic groups of the free inhibitor molecules in the 
solution interact with the hydrophobic groups of the adsorb 
molecules at the interface and results in aggregation known as 
hemimicelle formation [39]. Dupin and co-workers [38] introduced 
the concept of micellization of corrosion inhibition processes and 
defined ' p ' according to thermodynamics of micellization of surface 
active species [40] and expressed as 
RT 
P =- ln(rr)nc + RT In (cmc)- AG°(n)nc +cte 8' 
(n")nc 
('n)nc = average size of micelle obtained from 'n ' molecules 
containing nc atoms of carbon; AG° is the standard free energy 
change involved in the transfer of hydrophobic portion of 
amphiphilic molecule in the aqueous medium within the micelle. 
cmc represents the concentration at which the formation of 
micelle takes place. The temperature above which micellization 
occurs is the Kraft point. Studies of corrosion inhibition of steel in 
a chloride solution containing hydrogen sulfide by inidazoline 
derivatives showed the dependence of inhibition efficienc\ on 
critical micelle concentrations of the inhibitors. 
In a given homologous series of inhibitors, the degree of 
inhibition at a fixed concentration of inhibitor was found to 
increase with the number of carbon atoms in the chain upto 1 0 - 1 4 
followed by a decrease in inhibition. This observation indicates that 
the transport of the active inhibitor to the corrosion site plays an 
important role in the corrosion inhibition process^ These results also 
show the existence of a relationship between the formation of 
aggregates in solution and the inhibiting behaviour of the inhibitors. 
This phenomenon can be attributed to structural changes in the 
adsorption layer and is in a way comparable to the effects of 
micellization on the structure of the electrical double layer and the 
adsorption potential of micelles. 
cmc, average size of the micelle and hence ' p ' depend on the 
number of carbon atoms in the hydrophobic chain and the 
coefficient of distributions ' P ' . Hansch method later m.odified by 
Nys and Rekker [41] was used in the determination of distribution 
coefficients. The overall hydrophobicity, log P, is assumed to be a 
sum of individual hydrophobicity factors, fi 
l o g P ^ Z f i . . . . (9) 
The equation used for correlations of data for imidazolines, 
data shows that hydrophobicity is more representative than p. This 
relationship involves a modification in the electrical double layer of 
inhibitor concentrations in the region of critical micelle 
concentrations. 
1.7 FREE AND WILSON CORRELATIONS 
Free and Wilson model was applied by Dupin et al. [42] to the 
corrosion inhibition phenomenon. The model allows one to predict 
the most favourable structure of an inhibitor. This is a general 
mathematicsl approach which does not take into account any 
specific chemical behaviour of the inhibitors. 
The equation due to the Free and Wilson model that describes 
the efficiency of the inhibitor (E) is 
E = Y + Z Ci Xi .... (10) 
where y is the contribution of the skeletal structure to the 
activity, e; is the contribution of the i"^  substituent Cj is the 
contribution of the i'^ substituent to the efficacy and Xj is a 
coefficient which is unity in the presence of a absence of a 
substituent. An analogous equation for the measured corrosion 
current in the presence of an inhibitor may be written as 
C O l o g icorr = Y + 6; Xi + Bj yj + Ck Zfc . . . . (1 1) 
1.8 THEORIES ON INHIBITION 
The inhibitive action in acidic media has been explained by 
the theory of adsorption and / or the film formation. 
1.8.1 Adsorption Theory 
Machu [43-44] had put forward the adsorption theory for 
corrosion inhibitors which predicts the formation of a porous layer 
of the inhibitive substance with high electrical resistivity an 
essential characteristic of corrosion inhibitors. 
The adsorption of inhibitors on the metal surface using 
electron diffraction technique was studied by Hackerman et al [45j. 
The studies of Hoar [46] and Hackerman [47-48] lent support to the 
adsorption theory. The polar type inhibitors are adsorbed 
preferentially at the metal surface to limit the access of water and 
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other corrosive materials. Machu and Marcos [49] have stated that 
only energetic conditions of metal surface is important and not the 
charge on the inhibitor adsorbed. Fischer [50] has presented an 
exhaustive review on the adsorption phenomena of the corrosion 
inhibitors. 
Supporting the theory of adsorption, Riggs [51] proposed that 
in organic inhibitors the adsorption depends on the chemical nature 
of the inhibitor molecule, the environment, the nature of the metal 
surface and the electrochemical potential of metal/solution 
interface. The adsorption can be classified as: 
i. Electrostatic Adsorption 
The electrostatic adsorption is the result of electrostatic 
attractive forces between inhibiting organic ions or dipoles and the 
electrically charged surface of metal. The surface charge can be 
defined by the ' potential of metal (Ecorr) vs its zero charge 
potential PZC or (Eq = o) [52]. The adsorption of organic inhibitor 
depends on the sign and magnitude o f ' r a t i ona l ' corrosion potential 
'({)' {^ = Ecorr - Eq=o) and on the sign of the charge on the inhibitor 
molecule. Adsorption of cationic compounds requires a negative '(})' 
potential, whereas, a positive '(()' potential is required for 
adsorption of anionic compounds. It has been shown for nitrogen 
containing compounds that the inhibitor efficiency for iron in acid 
is higher when the '<{)' potential is more negative [53J. The 
electrostatic alloy adsorbed organic molecules can easily be 
removed from the surface since it has a low activation energy and it 
is independent of temperature [54]. 
ii. Chemisorption 
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Chemisorption of an organic molecule involves a bonding 
between the metal and adsorbed molecules through an atom 
containing an unshared electron. It depends on the nature of the 
metal, molecular structure of the inhibitor molecule and the 
chemical nature of the bonding atom. In addition, such factors as 
the lattice parameter of the metal and inter-atomic distance 
between two or more bonding atoms in the inhibitor molecule are 
quite often important in chemisorption. Moreover, the 
chemisorption process takes place more strongly than electrostatic 
adsorption and with a higher activation energy. It depends on the 
temperature and higher degree of inhibition should be expected at 
higher temperature. 
iii. Ti-Bond Orbital Adsorption 
Inhibitor molecule containing aromatic nucleus with double 
bonds or triple bonds interact with metal by their 7t-bond orbitals. 
This type of interaction is independent of potential, but effective 
principally on the positive branch of electrocapillary maximum 
(ecm) and is temperature independent. Hackerman and Hurd [55] 
correlated the inhibitor efficiency with the number of carbon atoms 
in the ring. 
1.8.2 Film Theory 
In order to explain the inhibitive action of inhibitors in neutral 
and alkaline media, Evans [56] put forward the film formation 
theory. Evans attributed the inhibition to the formation of an 
insoluble film in acid solutions according to Hausler [57] an-d 
Putilova et al [58], appreciably effective protection of metals by 
inhibitors is due to the formation on metal surface, a layer of 
insoluble or slightly soluble corrosion products. The formation of 
15 
insoluble or slightly soluble complex compounds of iron sulphide 
with compounds like thioethers, thioalcohols and the formation of 
protective thin film on the metal surface have been quoted as 
examples in support of the film theory. 
1.9 MECHANISM OF INHIBITION IN ACIDS 
The inhibitive action of organic compounds occur on the 
metallic surface due to interaction between the inhibitor and the 
metal surface by adsorption phenomenon. In this process, the 
molecules are held on the surface of the adsorbent by valence 
forces, i.e., variation in the charge from one phase to the other. 
Therefore, the molecular structure of the inhibitors assumes special 
significance [59]. The electron density at atoms of functional group 
constituting a reaction center affects the strength of the adsorption 
bond [60]. It also depends on the properties of the metal, as well as 
on the polarizability of the functional group [61-62]. Inhibition by 
adsorption can be explained by LFER correlation [63-64]. 
1.9.1 Factors affecting adsorption mechanism 
i. Surface Charge in Metal 
The magnitude and sign of the surface charge of the metal play 
a very important role for the establishment of the adsorption bond. 
The effects exercised by organic inhibitor on the electrode reactions 
must be connected with the modifications induced in the structure 
of the electrochemical double layer because of their adsorption. In 
solution the charge on a metal can be expressed by its potential with 
respect to the zero charge potential. This potential, often referred to 
as the 4) potential, is more important then the potential on a 
hydrogen scale and sign of these potentials are different [65]. As 
the potential becomes more positive, the adsorption of anions is 
favored and as the potential becomes more negative, the adsorption 
of cations is favored. 
ii. Reaction of Adsorbed Inhibitors 
In some cases, the adsorbed corrosion inhibitors may react to 
form a product by electrochemical reduction, which may also be 
inhibitive in nature. Inhibition due to the added substances has been 
termed as primary inhibition and that due to the reaction product, 
secondary inhibition [66]. In such cases, the inhibitive efficiency 
may increase or decrease with time according to whether the 
secondary inhibition is more or less effective than the primary 
inhibition [67]. 
iii. Interaction of Absorbed Inhibitor Species. 
Lateral interactions between adsorbed inhibitor species 
becomes significant with increases of surface coverage of the 
adsorbed species. This lateral interaction may be either attractive or 
repulsive. Attractive interaction occurs between molecules 
containing large hydrocarbon components. Repulsive interactions 
occurs between ions or molecules containing dipoles and lead to 
weaker adsorption at high coverage [68]. 
iv. Interaction of the Inhibitor with Water Molecules, 
The surface of metals in aqueous solution are covered with 
adsorbed water molecules. Adsorption of inhibitors takes place by 
the displacement of adsorbed water molecules from the surface, 
which involves free energy for adsorption. It is found to increase 
with the energy of solvation of the adsorbing species [69]. 
V. Structure of Inhibitors and their Adsorption 
Inhibitors can bond to metal surfaces by electron transfer to 
the metal to form adsorption bond. Generally the inhibitors are the 
electron donor and the metal is the electron acceptor. The strength 
of this bond depends on the characteristic of both the adsorbate and 
adsorbent, lilectron transfer from the adsorbed species is favoured 
by the presence of relatively loosely bound electrons, as may be 
found in "anions and neutral organic molecules containing lone pair 
electrons pr 7r-electron systems associated with multiple, especially 
triple bonds or aromatic rings. 
Most organic compounds have at least one polar atom i.e. 
nitrogen, sulphur, oxygen and in some cases selenium and 
phosphorous. In general, the polar atom is regarded as the reaction 
center for the establishment of the chemisorption process. In such 
cases, the adsorption bond strength is determined by the electron 
density of the atom acting as the reaction center and by the 
polarizability of the polar atoms. The effectiveness of the polar 
atoms with respect to the adsorption process varies in the following 
sequences [63]. 
Selenium > Sulphur > Nitrogen > Oxygen. 
The importance of electron density in chemisorption of organic 
substances in relation to inhibition phenomena has been evaluated 
by Donahue [63].The idea of electron density acquires particular 
importance in aromatic or heterocyclic inhibitors whose structure 
may be affected by the introduction of substituents in different 
positions of the rings [65]. The availability of electron pairs for the 
formation of chemisorption bonds can thus be altered by regular and 
svstematic variations of the molecular structure. 
1.9.2 Influence of Inhibitor on Corrosion Reaction 
An inhibitor may decrease the rate of anodic process, the 
cathodic process or both processes. The change in corrosion 
potential on addition of the inhibitor is the indication of a retarded 
process [64]. Shift of the corrosion potential in the positive 
direction indicates mainly retardation of the anodic process (anodic 
control) whereas shift in the negative direction indicates the 
retardation of the cathodic process (cathodic control). Little change 
in the corrosion potential suggests that both anodic and cathodic 
processes are retarded. 
In the presence of an inhibitor, a shift of polarization curves 
without a change in the Tafel slope indicates that the adsorbed 
inhibitor acts by blocking active sites so that reaction cannot occur 
rather than affecting the mechanism of the reaction [70]. A change 
in the Tafel slope is the indication of affecting the mechanism of 
the reaction. 
Inhibitor in acid solution affect the corrosion reactions of 
metals in the following ways.: 
i. Formation of a Diffusion Barrier 
The adsorbed inhibitor which forms a surface film on the 
metal surface, can act as a physical barrier to restrict th? diffusion 
of ions or molecules to or from the metal surface and thus retard the 
corrosion reaction. This type of behavior occurs in inhibitor 
containing large molecules [71]. 
ii. Blocking of Reaction Sites 
The inhibitors may adsorb on the metal surface to prevent the 
surface metal atoms from participating in either the anodic or 
cathodic reaction of corrosion. This blocking process reduces the 
surface metal atoms at which these reaction can occur, and hence 
the rates of these reactions. The mechanism of the reactions are not 
affected and the Tafel slopes of the polarization curves remain 
unchanged. Adsorption of inhibitors at low surface coverage tends 
to occur at anodic sites, causing retardation of the anodic reaction. 
At high surface coverage, adsorption occurs on both anodic and 
cathodic sites, and both reactions are inhibited. 
iii. Participation in the Electrode Reactions 
The electrode reactions involve the formation of adsorbed 
intermediate species with surface metal atoms. The presence of 
adsorbed inhibitors will interfere with the adsorbed intermediate but 
the electrode processes may then proceed by alternative paths 
through intermediates containing the inhibitor. In these processes, 
the inhibitor affects the reaction and the inhibitor remain unchanged 
with a change in the Tafel slope [72]. Inhibitors may retard the rate 
of hydrogen evolution on metals by affecting the mechanism of the 
reaction with the increase in Tafel slopes of cathodic polarization 
curves. This effect has been observed on iron in the presence of 
inhibitors such as phenylthioureas [73]. 
iv. Alteration of the Electrical Double Layer 
The adsorption of ions or species which can form ions on 
metal surfaces will change the electrical double layer at the metal 
solution interface, and this in turn will affect the rates of the 
electrochemical reactions. 
V. Adsorption Isotherms 
An adsorption isotherm gives the relationship between the 
coverage of an interface with an adsorbed species (the amount 
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adsorbed) and the concentration of the species in solution [74-75]. 
Interpretation of the inhibition characteristics of organic molecules 
can be made by fitting the data to one of the adsorption isotherms 
(Table 1). 
1.10 MECHANISM OF CORROSION INHIBITION IN 
NEUTRAL MEDIUM [76j 
The corrosion of metal in neutral solution differs from acid 
corrosion in the following respects. 
(a). In neutral solution the cathodic reaction involves oxygen 
reduction while in case of acid solution it is HT evolution. 
Go + 4e + 2H2O-> 40H" ....(12) 
2fT^ + 2e"->H2 ....(13) 
Because of these differences substances which inhibit 
corrosion in acid medium by adsorption mechanism do not generally 
inhibit corrosion in neutral solutions. In natural medium, inhibition 
can be explained by following theories. 
1. Diffusion Barrier Theory 
According to this theory inhibition can take place due to the 
formation of film of insoluble salt which act as barrier and restrict 
the diffusion of oxygen. This type of inhibitors includes, 
(a). Metalic salts such as zinc, magnesium, manganese and nickel. 
These salts form insoluble hydroxide at cathodic area. 
Z.n"^ + OH" ^ Zn(0H)2 ....(14) 
(b). Ca-salts are precipitated as CaCOs in water containing CO2. 
Ca^" + CO2 -> CaC03 ....(15) 
Table 1.0 Adsorption isotherms 
S. No. ISOTHERMS E Q U A T I O N S 
1. Freundlisch 
Langmuir 
Frumkin 
Temkin 
Blomgren-Blockris 
Parsons 
Bockris, Devanathan 
and Muller. 
pc = e 
PC = 
PC = 
/3C = 
PC = 
PC = 
e 
e 
- 0) 
Exp{a6) -
exp (-2a0) 
- exp [-a{\ - 6)] 
e 
- e 
9 
exp(/;0 ' ~ cjO^) 
exp 
0 
logC ± log 7 
- 0 ' (1 - 0) 
0 
exp(-2(/0) 
- 0 
C +/;0'-
where. 
P = 1/55.5 (exp - (AGads/RT)) = adsorption constant 
Gads= free energy of adsorption 
0 = surface coverage 
C = concentration of inhibitor 
a = molecular interaction constant 
a > 0 = > attraction and a < 0 = > repulsion, 
p and q = constants expressed in terms of dipole moments. 
2. Passive film formation theory 
The inhibitors like chromate, benzoate, borate form passive 
film on the metal surface and inhibit corrosion. Chromate and 
nitrite ions are strong oxidizing ions. Hence they can form passive 
film of T Fe203 without taking help of oxygen where as phosphate, 
benzoate form passive oxide film in presence of oxygen. These 
oxidizing inhibitors (anodic inhibitors) keep the potential of 
corroding metal in the passive range so that metal does not undergo 
corrosion. This situation of passivity depends on the concentration, 
oxidizing power of the inhibitive ions, pH of the medium and the 
presence of aggressive ions. 
3. Pore plugging theory 
According to this theory some inhibitive anions react with 
metal ions to form insoluble products which plug the gaps present 
on corroding metal surface. Thus these ions promote the repair of 
weak points of the oxide film. The action of phosphate, borate and 
silicate can be explained by this theory. 
1.11 CORROSION MONITORING TECHNIQUES 
1.11.1 Weight Loss Studies 
The weight loss method is the most reliable technique of 
corrosion rate measurement. Usually the results of electrochemical 
measurements are compared with weight loss data. The weight loss 
of corroded samples can be expressed in a number of ways, such as, 
mils per year (mpy), milligrams per square decimeter per day (mdd) 
and millimils per year (mmpy). The various expressions for 
calculation of corrosion rates are as follows: 
(i) mpy = 82.75 X W/(a X t X d) 
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( W= Weight loss in grams, a = area of the specimen in 
square inches, d = density of specimen in gm/cm'', 
t = time in hours ) 
(ii) mdd = 53.5 X W / (a X t) 
(a = area in square cm, rest same as above) 
(iii) mmpy = 87.6 X W / (d X a X t) 
(a = area in square cm, rest as above ) 
Inhibition Efficiency (IE) and Surface Coverage (9) were calculated 
by using the formula 
I.E. (%) = Uninhibited Corr Rate - Inhibited Corr Rate x 100 ....(16) 
Uninhibited Corr 
(9) = Uninhibited Corr Rate - Inhibited Corr Rate ....(17) 
Uninhibited Corr Rate 
1.11.2 Potentiodynamic Polarization Studies 
This technique can be used to continuously monitor corrosion 
under a variety of environmental conditions. In this method the 
behavior of inhibitor is understood by drawing Tafel's plots in the 
absence and presence of inhibitors. Electrochemical corrosion rate 
measurements have numerous advantages over conventional weight 
loss technique, and are as follows: 
1. They permit rapid corrosion rate measurement and can be used to 
monitor corrosion rate in various process streams. 
2 These techniques may be used for the accurate measurement of 
very low corrosion rate, (less than 0.1 nipy), cspecialK 
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important in nuclear, pharmaceutical and food processing 
industries. 
3. Electrochemical corrosion rate measurements may be used to 
measure the corrosion rate of structures that cannot be usually 
inspected or subjected to weight loss tests. Underground pipes 
tanks and large chemical plant components are examples. 
However, the tests performed in low conducting electrolytes can 
yield erroneous results if the electrolyte resistance is not 
considered. Hence linear polarization results should always be 
compared with weight loss or any other corrosion rates 
measurement to ensure accuracy of the technique. 
Various corrosion parameters such as corrosion potential ( Ecorr), 
corrosion current density (Icorr) and Tafel's constants ( ba and be) 
were calculated from Tafel 's plot . Inhibition efficiency was 
calculated from the following formula 
I.E. = IO£2!LZL«^ X 100 . . . . (18) 
I 
^Ocorr 
Where locorr = Corrosion current density without inhibitor 
Icorr ~ Corrosion current density with inhibitor 
The corrosion current is given by: 
I _ ^ _ M L _ x l ....(19) 
2.3(P,+PJ R 
1.11,3 Electrochemical AC Impedance Studies 
The Electrochemical Impedance Spectroscopy is a very 
effective way, which is widely used in measuring the 
electrochemical characteristics of interface of corrosion electrode to 
study the corrosion mechanism [77]. EIS was successfully employed 
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for understanding the mechanism of corrosion inhibition in high 
flow velocity medium [78]. Impedance technique [79] has become a 
popular tool for the measurement of corrosion rate in recent years. 
The method has been frequently used to determine the mechanism of 
corrosion process. This technique can be successfully used in low 
conducting systems. Nyquist plots are drawn for the inhibited and 
uninhibited test solution employing a wide frequency range. The 
real part (Z') and the imaginary part (Z") of the cell impedance are 
measured for various frequencies. The charge transfer resistance 
(Rt) is calculated by taking the difference in impedance values 
obtained in high and low frequency intercepts of the real axis. The 
double layer capacitance is determined from the frequency at which 
Z" is maximum from the relation . 
F z % , x = — 1 — .. . .(20) 
27r^xR, 
The double layer capacitance (Cdi ) is also determined from 
the Bode Plot. 
1.11.4 Electrochemical Noise Analysis 
The phenomenon of electrochemical noise measured during 
corrosion processes has received considerable attention over the last 
twenty years [80-81]. It is concluded from several studies [82-83] 
that the analysis of electrochemical noise generated during 
electrochemical processes can distinguish between various types of 
corrosion and can also assess corrosion rate. The noise resistance 
has been empirically correlated to the polarization resistance in 
order to calculate the corrosion rate [84]. The electrochemical noise 
analysis as a type of dynamic system analysis without small signal 
stimulation is a very suitable method for investigating perturbations 
2^ 
in the dynamic equilibrium of the passive stage of nucleation or initiation 
processes, especially in aluminum or aluminum alloys [85]. 
1.11.5 Harmonic Analysis 
In recent years there have been frequent attempts of using 
harmonic analysis for investigations of corrosion systems. 
Harmonic analysis enables, during a single short lasting 
measurement, the determination of the full kinetic characteristics of 
a system, i.e., determination of the corrosion current and Tafel 's 
coefficients. As a non-destructive method, it can be the basis of a 
very facile measurement technique enabling long term monitoring 
of corrosion process in real conditions [86-87]. 
Harmonic analysis is based on perturbations of the 
investigated corrosion system with a voltage sinusoid signal of 
given amplitude and frequency and the subsequent analysis of the 
current response in the frequency domain. 
Studies on the application of harmonic analysis for 
investigations of electrochemical systems were started in Hungary. 
Measurements are carried out at frequencies of 1 Hz or lower to 
eliminate the effect of capacitance. In recent years harmonic 
impedance spectroscopy (H.I.S) has been intensively developed. It 
is based on determination of impedance spectra in a wide range of 
frequencies for consecutive harmonic components. Attempts have 
been made of using this technique for determination of corrosion 
rate in cathodic polarization conditions [88-89]. 
1.11.6 Auger Electron Spectroscopy (A.E.S) 
Auger electron spectroscopy [90-91], a surface analysis 
technique, is based on the excitation of the specimen with an 
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electron beam which causes the removal of inner shell electrons 
from the atoms present. The outer shell electrons fill the space, 
created by the removal of inner shell electrons, through a relaxation 
mechanism and so-called "Auger electrons" are ejected from the 
material. An "Auger Spectrum" is obtained by plotting the 
derivative of the electron energy distribution versus energy. The 
typical depth analysis with AES is of the order of 10 A° or less and 
elemental concentrations as low as 0.1 % of monolayer can be 
detected and identified. Both qualitative and quantitative 
information can be obtained for all elements above Helium. The 
inner core vacancy is created by electron bombardment of the 
surface with electrons having energies in the range of 1 - 5 KeV, 
Auger electrons, possessing energies in the range of 0 to 2000 eV, 
are ejected and only those coming from within few monolayers of 
the surface escape with characteristic energy. 
1.11.7 Hydrogen Permeation Technique 
Metals in contact with acids produce atomic hydrogen, a 
fraction of which may diffuse onto the metal before they combine to 
form hydrogen molecule. Inside the metal, the hydrogen atoms may 
combine to form molecular hydrogen. Thus, a very high internal 
pressure builds up leading to heavy damage of the metal, usually 
termed as hydrogen embrittlement 
The phenomenon of hydrogen permeation into the metals can 
occur in industrial processes like pickling, plating, phosphating, 
etc., and depends on the nature of acids used. The cell, used for 
permeation studies, was developed by Devanthan, et. al. [92], in 
which the hydrogen entered, is ionized and recorded as permeation 
current. The inhibitors protect the metal and the entry of hydrogen 
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into the metal is also restricted. The behaviour of the inhibitors 
with regard to hydrogen permeation can be understood by measuring 
the permeation current with and without inhibitors. 
The hydrogen permeation studies assume significance in 
evaluating the inhibitors in pickling processes, determination of 
brittleness of the metal previously subjected to acid attack [93]. 
1.11.8 Radio Tracer Technique 
Radiotracer technique is generally employed to understand the 
nature of inhibition [94] and it is possible to detect traces of 
substance adsorbed. The method consists in bringing about the 
adsorption of the compound under examination on the metal 
(electrode) by putting the electrode in the electrolyte containing the 
radioactive organic substances. The electrode is then taken out and 
washed after which it is subjected to a count determination to 
measure the activity. It is compared with a standard and the amount 
of substance adsorbed is found out. The cell, used for this study, 
was developed by Bockris[95]. 
1.11.9 Electrocapillary Technique 
This technique is one of the most recent methods introduced 
for the study of corrosion inhibitors [96-97]. It measures the 
interfacial tension of the electrode/electrolyte interface as a 
function of applied potential. The shift of electrocapillary curve, 
i.e., potential and surface tension curve, in the negative region, in 
the presence of inhibitors shows the anionic nature of adsorbed 
species. In the presence of cationic type of inhibitor, the curve 
shifts towards anodic potential. 
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1.11.10 Ultrasonic Technique 
The ultrasonic technique [98] has found successful application 
for the assessment of the extent of corrosion damage. This is 
especially important for plants where the testing needs to be done 
without necessary shutdown of the plant. Generally two methods of 
ultrasonic inspection are employed - reflection and resonance. By 
the reflection method, the pinpoints of the position of many 
different types of internal flaws, e.g., stress corrosion cracking, pits 
and fatigue cracks are searched. The resonance method measures the 
flaws, which are perpendicular to the direction of ultrasonic beam. 
1.11.11 Spectroscopic Technique 
The results of I.R. and.U.V. spectra of the adsorbed products are 
very useful in the interpretation of inhibition phenomena. I.R. 
studies help to predict the functions of the adsorption bonds and the 
arrangement of the inhibitor molecules on the surface of the metal. 
Schwabe [99] using I.R. studies found that in the case of corrosion 
inhibition with dibenzylsulfoxide, the product adsorbed on the 
electrode was dibenzylsulphide. 
U.V. spectroscopy has been used to determine the amounts of 
inhibitor adsorbed on the electrode by evaluating the decrease in 
concentration in solution under condition of free corrosion [100]. 
Banerjee et al [101] studied the effect of aniline in 5% HCl 
containing mild steel at different electrode potentials. They found 
three kinds of species were adsorbed on mild steel surface. Suetaka 
[102] developed a technique to determine directly the amount of 
inhibitor adsorbed on metallic electrode by spectra recorded. Riggs 
et al [103] obtained NMR spectra of anilines and substituted 
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anilines. They have observed a good correlation between chemical 
shift and coefficient of inhibition of steel corrosion. 
l . l l . l Z Q u a r t z Crystal Microbalance Method 
This method is used to monitor mass change as well as 
electrochemical change during corrosion process. The sensitivity of 
such a device is sufficient to detect sub monolayer coverage of a 
surface with organic molecules. Pickering et al have studied the 
inhibiting action of benzotriazole and related compounds on 
corrosion of copper alloy in sulphuric acid solution using this 
method [104]. 
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CORROSIOK ^C EtJCEbEu lo l 
Dithiazolidines—A New Class of Heterocyclic 
Inhibitors for Prevention of Mild Steel Corrosion 
in Hydrochloric Acid Solution 
MA Quraishi and R Sardar' 
ABSTRACT 
HeteRxrycdc compounds namely 3 5 diphenyl imino 1,2 4 
dithiazolidine (DPID) 3 phenyl immo 5 chlorophenyl imino 
1 2 4 dithiazohdme (PCIDj 3 phenyl umno 5 tolyl immo 
12 4 dithiazolidme (PTID) and 3 phenyl muno 5 anisidyl 
inuno 12 4 dithiazolidme (PAID} were synthesized m the 
laboratory Their mjluence on the mhtbition of corrosion of 
mild steel in 1 N hydrochloric acid (HClj was investigated 
by weight loss and potentiodynamic polarization techniques 
The mhibition efficiency of these compounds was found to 
vary with concentration, temperature and immersion time 
Good mhibition efficiency (>90%) was evidenced even at a 
concentration of 25 pprrt Potentiodynamic polarization re 
suits revealed that three of the mhibitors DPID PCID and 
PAID are cathodic inhibitors while PTID is a mixed type 
inhibitor Adsorption on the metal surface obeyed Temkin s 
adsorption isotherm 
KEY WORDS heterocyclic compounds hydrochloric acid 
inhibition efficiency mild steel potentiodynamic polarization 
weight loss 
INTRODUCTION 
Heterocyclic compounds represent a potential class of 
corrosion inhibitors There is a uade range of studies 
m the liteiatuie regarding corrosion inhibition bv 
nitrogen containing heterocyclic compounds " Hcl 
Siiijiii tied i:ir p ib! cation Fcbru iry 2001 in re iscd fotiTi A i 
t ist 2001 
Co [ SI I 1 s a u h l^boi itoi^ Uep i I n i I of Aj [ 1 111 i 
In 1 If ull f r n^ 1 Clint uid 1 I i 1 ^ Al f^irli M sli ii I 
\ u \l i iO 002 (U P M 1 I 1 
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erocyclic compounds containing both nitrogen and 
sulfur atoms are of particular importance as they 
often provide excellent inhibition compared with com 
pounds containing only nitrogen or sulfur' " The 
corrosion-Inhibiting property of these compounds is 
attributed to their molecular structure The plananty 
[it] £ind lone pairs of electrons present on heteroaloms 
are the important structural features that determine 
the adsorption of these molecules on the metal 
surface 
In the present investigation the corrosion inhib 
iting behavior of dithiazolidines, a new. class of het 
erocyclic inhibitors was investigated on mild steel 
in an acidic solution The compounds were 3 5 
diphenyl imino 1 2 4 dithiazolidme (DPID) 3 phen\ I 
imino 5 chlorophenyl imino 1 2 4 dithiazolidme 
(PCID) 3-phenyl imino 5 tolyl imino 1 2 4 
dithiazolidme (PTID) and 3-phenyl imino 5 anisid} 1 
imino 1 2 4 dithiazolidme (PAID) 
EXPERIMENTAL PROCEDURES 
Materials 
Mild steel s t nps (composition [\\i° j 0 14% C 
0 35% Mn 0 17% Si 0 025% S 0 03° P and b d 
Pc) M.ere used Foi weight loss me isiii nients stii] 
2 b\ 2 b\ 0 25 cm (0 788 b\ 0 78S h\ 0 038 in ) w i 
used Per polentiod\ n imic polan/it ioi n ild stt 1 
spccimeiT; \\ ith Til exposed an-^ of 1 f i'^  (0 16 ii ) 
\\ei( used 
rile s[3cciniens u<ie grouiiei nu (li ni ill\, uKJi 
( nit lA p ipei s 1 n^in^ fi ni 1 /O th vi 4 /() t^ i i i 
J C J 0 
I t 1 0 3 
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TABLE 1 
"James and Structures ol Compounds Tested 
Structure 
No Structure 
Designation 
and Abbreviation 
S S 3 5 dipbenyl immo 1 2 4 
I I dithiazolidine (DPID) 
CeHsN ^ NCgHs 
S S 3 phenyl imino 5 
I I chlorophenyl imino-1 2 4 
CICsH.N '^ NCgHs 
dithiazolidine (PCID) 
S S 3 phenyl imino 5 tolyl imino 
I I 1 2,4 dithiazolidine (PTID) 
CH3C6H4N '^ NCgHs 
3 phenyl imino 5 anisidyl-
I I imino-l,2 4 dithiazolidine 
• A M - A CH3OC6H4N 1^  NCgHs (PAID) 
TABLE 2 
Corrosion Parameters lor Mild Steel 
in 1 N HCI in the Absence and Presence 
ol Dillerent Concentrations ol Various Inhibitors 
Inhibitor 
Concentration 
(ppm) 
Weight 
Loss'*' 
(mg) 
IE 
(%) 
0 (Control) 
DPID 
25 
50 
100 
200 
300 
400 
500 
PCID 
25 
50 
100 
200 
300 
400 
500 
PTID 
25 
50 
100 
200 
300 
400 
500 
PAID 
25 
50 
100 
200 
300 
400 
500 
93 40 
3 50 
2 90 
1 90 
1 60 
1 40 
1 30 
1 20 
2 60 
2 00 
1 60 
1 20 
1 10 
1 00 
0 80 
2 70 
2 30 
1 50 
1 20 
1 00 
0 90 
0 70 
1 20 
1 10 
1 00 
0 80 
0 70 
0 60 
0 50 
96 3 
96 9 
97 9 
98 3 
98 5 
98 6 
98 7 
97 2 
97 9 
98 3 
98 7 
98 8 
98 9 
99 1 
97 1 
97 5 
98 4 
98 7 
98 9 
99 0 
99 3 
98 7 
98 8 
98 9 
99 1 
99 3 
99 4 
99 5 
CR 
(mm/y) 
34 60 
1 30 
1 07 
0 70 
0 59 
0 52 
0 48 
0 44 
0 96 
0 74 
0 59 
0 44 
0 40 
0 37 
0 29 
1 00 
0 85 
0 55 
0 44 
0 37 
0 33 
0 26 
0 44 
0 40 
0 37 
0 29 
0 26 
0 22 
0 18 
cles|ieased with tnchloroethvlene {C CI =CHCI) ,IIK1 
dued at room temperature Double distilled watti 
and analytical leagent grade h\drochlonc acid (HCI) 
were used lor preparing solutions Inhibitors were 
synthesized in the laboratory following procedures 
reported previously '^  Phenyl isothiocynate (CgH^NCS 
0 025 mol) was added to a stirred solution of substi-
tuted thiourea (RNHCSNHj, 0 025 mol) and powdered 
sodium hydroxide (NaOH 0 025 mol) in acetonitrile 
(CH3CN) The mLxture was heated and diluted with 
water, and the reaction was filtered The filtrate 
acidified with HCI and precipitated product redis 
solved in 4% aq alkali The alkaline filtrate on acidi 
fication afforded dithiobiurets, upon which oxidation 
with iodine afforded the desired dithiazolidines The 
molecular s tructures of these compounds are given 
in Table 1 
Weight Loss Studies 
Weight loss tests were performed m accordance 
with ASTM methods '° " Tests were conducted in 
1 N HCI for 3, 6, and 24 h at room temperature with 
different concentrations of inhibitors, in 1 N HCI con-
taining 500 ppm of each inhibitor at three tempera-
tures ranging from 30°C to 50°C for 2 h, and in 1 N 
to 3 N HCI containing 500 ppm of each inhibitor at 
30°C for 2 h 
POTENTIODYNAMIC POLARIZATION STUDIES 
Polarization curves were recorded potentiody-
namically (1 mV/s) using an EG&G Princeton 
Applied Research (PAR) model 173* potentiostat/ 
galvanostat, a model 175* universal programmer, and 
a model RE 0089* X-Y recorder The test temperature 
was 28 + 2°C. The cell assembly consisted of mild 
steel working electrode (WE), a platinum counter 
electrode (CE), and a saturated calomel electrode 
(SCE) as the reference electrode 
RESULTS AND DISCUSSION 
Table 2 shows the values of inhibition efficiency 
(IE) and corrosion rate (CR) obtained from weight loss 
measurements for different concentrations of these 
compounds m 1 N HCI Maximum IE was obtained 
at 500 ppm in 1 N HCI Values of CR and IE of these 
compounds at 500 ppm concentration at different 
temperatures are given in Table 3 The influence of 
inhibitor concentration on IE m 1 N HCI is ilKistrated 
in Figure 1(a) It is evident that IE increased as the 
concentration of inhibitor increased 
IE of these compounds followed the order 
PAID>F1ID>PCID>DPID The difference m mhibitive 
action can be explained on the basis of their molecu 
lar structures The presence of methovy group -OCH, 
\ eitjht 'OSS test resu ts at 25°C lor 3 h 11 ulc n l ine 
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TABLES 
CR and IE of Various Inhibitors at 500 ppm Concentration at Different Temperatures Obtained by Weigtit Loss f^easurement 
30°C 40°C 50°C 
Concentration 
(ppm) 
1 NHCI 
DPID (500) 
PCID (500) 
PTID (500) 
PAID (500) 
CR 
(mm/y) 
62 41 
0 83 
0 44 
016 
O i l 
IE 
(%) 
98 6 
99 3 
99 7 
99 8 
CR 
(mm/y) 
156 58 
1 67 
1 50 
0 78 
1 22 
IE 
(%) 
.— 
98 9 
99 0 
99 5 
99 2 
CR 
(mm/y) 
236 66 
3 28 
2 34 
1 61 
1 17 
IE 
(°o) 
— 
98 6 
99 0 
99 3 
99 5 
UJ 
100 
99 
98 
' ^ 
1 1 1 
—^——-• ° 
= * ^ ! 
' 1 
100 300 500 
Inhibitor Concentration (ppm) 
(a) 
100 -
UJ 
1 2 
Acid Concentration (N) 
(b) 
30 40 50 
Solution Temperature (°C) 
(c) 
100 
99 
98 
97 
t -/h ^f-
Immersion Time (h) 
(d) 
24 
FIGURE 1 Variation of IE witfi (a) inhibitor concentration in t N HCI, (b) acid concentration in HCI solution (c) solution 
temperature in HCI and (d) immersion time in HCI A DPID B PCID C PTID and D PAID 
increases the densuv of electrons at nitrogen atoms 
caused b\ resonance effect which facihtates strongei 
adsorption of PAID on the mild steel surface—this 
(cads to hi^hei IE of PAID than FTIO The higher IC 
obi lined loi llic cliloiodcnv ati\ e (PCID) is due to the 
fact; that its dipole moment is greater than that ol 
the parent compound (DPID) Smialowska et al 
observed similar behavior for chloio substituted 
thiophene den \a t i \ e '"^  Gad Aildi: e t a ! and 
Quiaishi tf al I n \ c also lei^orttd th n chloro litl 
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TABLE 4 
E, and AG^, for Mild Steel in 1 N HCI 
in Absence 
Inhibitor 
(ppm) 
and Presence of Various Intiibilors 
E. 
kcal/mol 30°C 
kcal/mol 
40''C SOX 
1 NHCI 
DPID (500) 
PCID (500) 
FTID (500) 
PAID (500) 
1281 
13 32 
15 89 
21 83 
23 06 
1021 
10 66 
11 21 
11 49 
10 69 
10 82 
11 20 
10 94 
10 88 
11 16 
11 35 
11 59 
TABLE 5 
Electrochemical Polarization Parameters 
for the Corrosion of f^ild Steel in I N HCI Containing 
500 ppm Concentration of Various Inhibitors at 28 ± 2°C 
Inhibitor 
Concentration 
(ppm) 
' -con 
(mV) (mA/cm') 
IE 
(%) 
1 NHCI 
DPID (500) 
PCID (500) 
PTID (500) 
PAID (500) 
-596 
-616 
-616 
-608 
-621 
0 35 
0 082 
0 074 
0 029 
0 026 
76 6 
78 8 
91 7 
92 6 
0 10 -
0 99 -
0 98 
2 6 2 8 2 4 
log C (ppm) 
FIGURE 2. Temkm's adsorption isotherm plots for adsorptior) of 
various mtiibitors in f N HCI (A DPID, B PCID, C PTID, and 
0 PAID) 
0 01 0 1 10 
Current Density (nriA/cm^) 
FIGURE 3. Potentiodynamic curves for mild steel in 1 N HCI in the 
presence and absence of 500 ppm of various inhibitors (A 1 N HCI 
B DPID, C PCID, D PTID, and E PAID) at 2a°C 
erocychc compounds give higher IE than the parent 
compound '^  ^° From Figure 1(b), it is clear that the 
increase of acid concentration from 1 N to 3 N did 
not cause significant changes m IE values, thereby 
suggesting that all the conipounds are effective cor-
rosion inhibitors m acid solutions over this concen 
tration range Figure 1(c) shows that IE for all the 
compounds did not change significantly with in-
creases in temperature from 30°C to 50°C The effect 
of immersion time on IE is shown in Figure 1(d) In-
creases in immersion time did not cause any signifi 
cant changes In IE values 
Values of activation energy (EJ were calculated 
using the Arrhenius equation ^' " The free eneigy of 
adsorption (AG.aJ at different temperatures was cal 
culated from the following equation 
AG,<j, =-RT!n (55 5K) 
and K is given by. 
K = 9 / C ( l - e ) 
(1) 
(2) 
where 9 is the degree of coverage on the metal sur-
face, C is the concentration of inhibitor m mol/L, 
and K is the equilibrium constant The value of E, 
and AG.j, are given in Table 4 The low and negative 
values of AG,j, indicate the spontaneous adsorption 
of Inhibitors on the surface of mild steel The nega-
tive values of AG.d, also suggest the strong interac 
tion of the inhibitor molecules with the mild steel 
surface." ^' It was found that E, was higher in the 
presence of inhibitor,^' which indicates physical 
adsorption of these compounds on the surface of 
mild steel 
ADSORPTION ISOTHERM 
A plot of 9 vs log C gave straight lines in acid 
solution (Figure 2) This shows that the adsorption of 
these compounds on the mild steel in 1 N HCI obeyed 
Temkin's adsorption isotherm, supporting the by 
pothesis that corrosion inhibition by these com 
pounds results from adsorption on the metal surface 
POTENTIODYNAMIC POLARIZATION STUDIES 
The polarization behavior of mild steel in I N HCI 
m the absence and presence of 500 ppm inhibitor 
concentration is snown in Figure 3 Llectrochi-iiiical 
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parameters such as corrosion current density {;„,„-) 
and corrosion potential (E„„) calculated from Tafel 
plots are given In Table 5. 
The maximum decrease in ij„„ was at 500 ppm 
concentration for each of these compounds. Maxi-
mum decrease in i^^. was observed for PAID. In tlie 
case of PTID, the E„„ value did not show any signifi-
cant change in the acid solution, suggesting that it 
is a mixed-type inhibitor; however, the other com-
pounds (PCID, DPID, and PAID) behaved as cathodic 
inhibitors in 1 N HCl. 
CONCLUSIONS 
• All the dithiazolidlnes acted as efficient corrosion 
inhibitors up to 3 N HCI. 
• All the dithiazolidlnes Inhibited corrosion of mild 
steel by adsorption on the metal surface. 
• Adsorption of the dithiazolidlnes on the mild steel 
surface from the HCI solution obeyed Temkin's ad-
sorption isotherm. 
• All the dithiazolidlnes examined acted as cathodic 
inhibitors in 1 N HCI, except PTID, which behaved 
predominantly as a mixed-type Inhibitor in I N HCI. 
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Abstract 
The influence of some fatty acid tnazoles namely, 4-Phenyl-5-undecyl-4H- [1,2,4] triazole-3-thiol (PUTT), 5 
Heptadec-8-enyl-4-phenyl-4H- [1,2,4] tnazole-3-thiol (HPTT), and 5-Dec-9-enyl-4-phenyl-4H- [1,2,4] triazole-3-
thiol (DPTT) on the corrosion of mild steel in 1 M hydrochloric acid (HCl) and 0 5 M sulfuric acid (H2SO4) was 
studied by weight loss and potentiodynamic polarization methods The values of activation energy and free energy 
of adsorption of all the triazoles were calculated to investigate the mechanism of corrosion inhibition The 
potentiodynamic polarization studies were carried out at room temperature, according to which all the compounds 
were mixed type inhibitors and inhibit the corrosion of mild steel by blocking the active sites of the metal The 
adsorption of all the triazoles on mild steel surface m both the acid solutions was found to obey the Langmuir 
adsorption isotherm All the compounds showed good inhibition efficiency in both acids The inhibition efficiency 
of the compounds was found to vary with their nature and concentration, solution temperature and immersion 
time. Electrochemical impedance spectroscopy was also used to investigate the mechanism of the corrosion 
inhibition 
1. Introduction 
Organic compounds containing both nitrogen and sulfur 
atoms are of particular interest as they give better 
inhibition efficiency than those containing N or S alone 
[1-3] Among these thiourea and its derivatives have 
been investigated extensively [4-8] Schmitt [9] has 
reported that thiourea derivatives are toxic and induce 
permeation of hydrogen into the metal causing hydro-
gen embrittlement, theiefore, the use of these com-
pounds is not safe 
In previous work we have studied the effects of a few 
triazoles having small alkyl group in a tnazole ring on 
the corrosion inhibition of mild steel in acidic solutions 
[10. 11] In the present investigation we report the 
influence of three tnazole based compounds ha\ing long 
chain carbon atoms in a tnazole ring namely, 4-phenyl-
5-undecyl-4H- [1,2,4] tnazole-3-thiol (PUTT), 5-Hepta-
dec-8-enyl-4-phenyl-4H- [1,2,4] tnazole-3-thiol (HPTT), 
and 5-Dec-9-enyl-4-phenyl-4H- [1,2,4] triazole-3-thiol 
(DPTT) on corrosion inhibition of mild steel in 1 M HCl 
and 0 5 M H2SO4 
The choice of the inhibitors is based on the following 
considerations (1) thev possess a lone pair of electrons 
on sulfur And nitrogen atoms adduional to the n 
electrons of the phen\l and tnazole ring thiough which 
they can adsorb readily on the metal surface, and (11) 
their toxicity is low 
2. Experimental details 
Weight loss experiments were performed \Mth cold 
rolled mild steel strips of size 2 cm x 2 5 cm x 0 25 cm 
having composition (wt %) 0 14% C, 0 35% Mn 
0 17% Si, 0 025% S, 0 03% P and balance he as per 
standard method [12] The acids HCl and H2SO4 
(Merck) of AR grade \^ere used for preparing solutions 
Double distilled water was used to prepare solutions ol 
1 M HCl and 0 5 M H2SO4 The tnazoles of fatty acid 
were synthesized as descnbed by Kitture el al [13] and 
characterized by their infrared spectra and the purit> o\ 
the compounds was checked by thin layei thromato 
graphy The names and moleculai structures ot the 
compounds are given in Table 1 
Potentiodynamic polarization studies were cained out 
using an EG&G (PAR model 173) poteniiostat/gaha-
nostat, a model 175 Univeisal programmei and a model 
RE 0089 X-Y recorder A platinum foil was used as the 
auxiliary clettiode a satuiatcd calomel cletliode was 
used as the rcieience electrode and mild steel was used as 
woiking electiode All the expenmcnls weiL earned out 
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SNo Structure 
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Desigmtion and ibbrcviation 
CH3-(CH,),f^N^^SH 
4 Phenyl 3 undLL\l 4H [1 2 4] tri izole j thiol (POTT) 
N-
CH3-(CHj),-CH= CH-(CH^), N'^^SH 
CH^= CH- (CH^). N ^ ^ S H 
3 Heptadec 8 en>l 4 phenyl 4H [1 2 4] triazole 3 thiol (HPTT) 
>Dec 9 enyl 4 phenyl 4H [12 4] tnazole-3 thiol (DPTT) 
at constant temperature of 28 ± 2 °C and at a scan rate 
of I m V s " ' at o c p The polarization curves were ^IE = 
obtained after immersion of the electrode in the solution 
until a steady state was reached 
Impedance measurements were performed for mild 
steel m 1 M HCl m the absence and presence of 500 ppm 
of DPTT at £corr with the a c voltage amphtude ±5 mV 
in the frequency range 5 Hz-lOO kHz A time interval of 
a few minutes was given for the open circuit potential 
(o c p ) to read a steady value All the measurements 
were carried out with an EG&GPAR (model 273A) 
potentiostat/galvanostat, and an EG&G (PAR model 
5301 A) lock-in-amplifier, using an IBM computer at 
28 ± 2 °C 
Analysis of the samples was accomplished using an 
Auger electron spectroscope (Vanan CM A VT-112) 
Polished specimens were dipped in inhibited acid solu-
tion containing 500 ppm DPTT as described previously 
[14] The beam energy of 3 keV was used to obtain the 
Auger spectra The resolution depth was in the range 
0 2-2 nm 
X 100 
ro 
(1) 
(2) 
3. Results and discussion 
3 1 Weight loss 
Figures 1(a) and (d) show the vanation of inhibition 
efficiency with inhibitor concentration The inhibition 
efficiency was obtained from weight loss measurements 
at different concentrations of tnazoles at 35 °C The 
percentage inhibition efficiency (^IE) and surface cover-
age (0) of each concentrations were calculated using the 
iollowing tqu itions 
where TQ and r are the corrosion rates m the absence and 
presence of inhibitors, respectively It has been observed 
that the inhibition efficiency for all these compounds 
increases with increase in concentrations The maximum 
eiE of each compound was achieved at 500 ppm In 
general, for pickhng of steel, as pointed out by Machu 
[15] and Turgoose et al [16], sulfur containing com-
pounds are preferred for H2SO4 solution and nitrogen 
contaimng compounds for HCl solution Every etal [17] 
and Schmitt [9] reported that a mixture of nitrogen and 
sulfur compounds are often better than either type alone 
The compounds studied contain both nitrogen and sulfur 
atoms hence they have exhibited good performance 
(eiE > 87%) on the corrosion of MS in I M HCl and 
0 5 M H2SO4 even al a concentration as low as 25 ppm 
The influence of temperature at maximum concentra-
tion (1 e , 500 ppm) on ejE is shown in Figure 1(b) and 
(e) The inhibition efficiency for all the tnazoles except 
PUTT in 1 M HCl decreases slightly with increase in 
temperature from 35 to 65 °C, while in case of PUTT 
the inhibition efficiency does not change with rise in 
temperature from 35 to 65 °C showing that the inhib-
itors are effective at higher temperature up to 65 °C 
The vanation of inhibition efficiency of all the three 
fatty acid tnazoles with immersion time is shown in 
Figure 1(c) and (f) No significant change in inhibition 
efficiency occurs with increase in immersion time from 2 
to 6 h 
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Fig 1 Variation of inhibition efficiency with (a) inhibitor concentration, (b) solution temperature, (c) immersion time, in 1 M HCl and (d) 
inhibitor concentration, (e) solution temperature, (f) immersion time, in 0 5 M H2SO4 (1, PUTT, 2, HPTT, 3, DPTT) 
The values of activation energy (£a) were calculated 
using the Arrhenius equation [18]: 
In 
E^AT 
RTiTj (3) 
where ri and r2 are corrosion rates at temperatures T] 
and T2, respectively, and AT = Tj- T\ The free energy 
of adsorption (AGads) at different temperatures were 
calculated from using Equation 4 [19] 
AGads = -RT\n{55 5K) (4) 
where/;r = 6/C{l - 6), 6 is the degree of coverage on the 
metal surface, C is the concentration of inhibitor (in mol 
r ' ) and K is the equilibrium constant The values of E^ 
and AGads are given in Table 2 It is found that £a values 
for inhibited systems are higher than that of uninhibited 
systems except for PUTT in 1 M HCl, indicating that all 
the inhibitors except PUTT in 1 M HCl are more 
effective at room temperature. The E^ value for PUTT is 
less than E^ for I M HCl alone, and hence exhibit high 
eiE at elevated temperatures [20]. The negative values of 
free energy of adsorption indicate spontaneous adsorp-
tion of the inhibitors on the mild steel surface [21] The 
values AGads for all the compounds at higher temper-
atures are more than 40 kJ mol"' indicating that the 
inhibitor molecules aie chemisorbed [22] The negative 
values of AGads also suggest the strong intei action of the 
inhibitor molecules on the mild steel surface [23] 
3 2 Adsoiption isotherm 
To understand the mechanism of corrosion inhibition 
the adsorption behaviour of the organic adsorbates on 
the metal surface must be known [24] The surKice 
Tabic 2 Activation energy (£,) and free energv of adborption (AGajj) for mild bteel in 1 M HCl and 0 5 M H2SO4 in the ahscnLC and present 
500 ppm concentration of various inhibitors 
System 
1 M HCl 
PUTT 
HPTT 
DPTT 
0 '^  M H SO4 
PUTT 
HPTT 
D i m 
EJkJ mol"' 
47 27 
44 01 
50 20 
68 92 
46 81 
65 'is 
67 42 
74 40 
-AGadj/kJ mol ' 
15 °C 
-
3745 
37 95 
38 79 
39 7> 
40 04 
40 ^S 
4^ C 
39 50 
39 M 
40 21 
40 04 
40^4 
41 17 
5^ °C 
_ 
41 04 
41 17 
40 00 
41 04 
42 46 
43 Oi 
6^ °C 
41 80 
41 46 
40 4( 
41 80 
42 0^ 
42 21 
42S 
Lovcrage valuts (0) were evaluated using corrosion rate 
values (r) obtained from the weight loss method The 0 
values for different concentrations of inhibitors were 
tested graphically by fitting to various isotherms A plot 
of log 0/(1 - 0) against logC for different concentra 
tions shows a straight line mdicating that adsorption 
from both acids follows the Langmuir adsorption 
isotherm (Figure 2(a) and (b)) [25] 
3 3 PotiiUiochnannc polanzation 
Potcntiodynamic anodic and cathodic polarization 
scans were carried out in 1 M HCI and 0 5 M H2SO4 
for different fatty acid triazoles at 28 ± 2 °C The 
various electrochemical parameters calculated from 
Tafel plots are given in Table 3 The lower corrosion 
current density {hou) values in the presence of the 
cr> 
o 
2 0 2-4 2-8 
log (C / ppm) 
CD 
O 
2-0 2-A 2-8 
log (C / ppm) 
46 
triazoles without causing significant chanizts in corio 
sion potential (F^^ r^) suggest that the compounds are 
mixed type inhibitors (1 e , inhibit both the anodic and 
cathodic reactions) and are adsorbed on the surface 
thereby blocking the corrosion reaction The maximum 
decrease in the I^„„ value was observed for DPTT (5-
Dec-9-enyl-4-phenyl 4H- [1,2,4] tnazole-3 thiol) indicat-
ing that DPTT is the most effective corrosion inhibitor 
among the studied fatty acid triazoles 
3 4 Electiochemical impedance 
Impedance diagrams obtained for the frequency range 
5 Hz-lOO kHz at '^corr for mild steel in 1 M HCI are 
shown in Figure 3(a) and (b) The impedance diagrams 
are not perfect semicircles and this difference has been 
attributed to frequency dispersion [26] The values of Ri 
and Cdi were obtained using the Nyquist and Bode plots, 
respectively [27] The percentage ^IE was calculated 
using Equation 5 
/•/i; 2 Lingmuir idsorptitn isotherm plots tor the idsorption of 
V inous inhibitors in (i) 1 M HCl and (b) 0 5 M H SO4 on the surface 
(fmild stLd(l PUTT 2 UPTT 1 t)PTl) 
eiE = 
(!//?.( ; i - ^ . - ) 
(IM, X 100 (5) 
where R^o and Ru are charge transfer resistance without 
and wilh mhibitor, respectively, and is given in Table 4 
Values of R^ increase with increase in inhibitor concen-
tration (DPTT) and this m turn leads to an increase in 
the inhibition efficiency The addition of DPTT to 1 M 
HCI lowers the Cji values, suggesting that the inhibition 
can be attnbuted to surface adsorption of the inhibitor 
[28] 
3 5 Auger electron spectroscopy 
Auger electron spectroscopy for mild steel exposed to 
500 ppm of DPTT is shown in Figure 4 The appearance 
of peaks at 152 and 380 eV confirm the adsorption of 
DPTT to the mild steel surface through the S- and N-
atoms [29] 
3 6 Mechanism of corrosion inhibition 
The effectiveness of a compound as corrosion inhibitor 
depends on its structure Inhibition of corrosion of mild 
steel m the acidic solution by the fatty acid triazoles can 
be explained on the basis of molecular adsorption It is 
apparent from the molecular structure that the com-
pounds are able to adsorb on the metal surface through 
the lone pair of electrons of N-, O- and S-atoms, the n-
electrons of the benzene ring and as a protonated species 
[30] The cationic species may adsorb on the cathodic 
sites of the mild steel and reduce the evolution of 
hydrogen The highest inhibition efficiency exhibited by 
DPTT may be attributed to its adsorption on the metal 
surface through polar groups, as well as through the n-
electrons of the double bond This leads to greater 
surface coverage, thereby giving higher inhibition effi-
ciency PUTT showed lowest inhibition efliciency due to 
47 -^
hihk i I lectrochcmical poUnzation parameters for tlie conosion ol mild steel m 1 M HCI and 0 5 M H^SOj in the abstnce md piej^ encL n 
•^ 00 ppm coiKcntiation of \anous inhibitors 
S\stcm 
Blank 
PUTT 
HPTT 
DPTT 
1 M HCI 
^corr 
/mV 
-596 
-596 
-600 
-618 
0 5 M H2SO4 
/mA cm /% 
0 350 
0 054 
0 047 
0 042 
84 57 
86 57 
88 00 
/mV 
-568 
-572 
-563 
-563 
/corr 
/mA cm 
0 37 
0 024 
0016 
0 013 
f i i 
93 51 
95 67 
96 48 
Table 4 Electrochemical impedance parameter for mild steel in 1 M 
HCI containing different concentrations of DPTT at room tempera 
ture 
400 600 
•Z re.1 / n cm^  
1000 
Concentration 
/ppm 
1 M HCI 
DPTT 
100 
500 
«, 
/ a cnr 
18 02 
664 4 
928 3 
Cdi 
/ /JF cm~^ 
1412 63 
74 99 
55 98 
eiE 
/% 
_ 
97 29 
98 06 
•^  log (f / Hz) 
Fig 3 (a) Nyquist plot and (b) Bode plot for mild steel in absence and 
presence of various concentrations of DPTT (1, 1 M HCI, 2, 100 ppm 
and 3, 500 ppm) 
the absence of a double bond in the hydrocarbon chain 
HPTT, containing an internal double bond at position 8, 
showed less inhibition efficiency than DPTT, containing 
a TT-bond and 10 carbon atoms, because compounds 
containing more than 10 carbon atoms show a lower 
inhibition efficiency owing to decreased solubility and 
increased steric hindrance to adsorption [31]. The AGads 
values also corroborate the adsorption mechanism. 
4. Conclusions 
The mam conclusions concerning, fatty acid tnazoles 
are that (1) they show excellent performance as corrosion 
inhibitors in both hydrochloric and sulfuric acid media 
and (11) they inhibit the corrosion of mild steel in acid 
solutions by an adsorption mechanism and the adsorp 
tion follows the Langmuir adsorption isotherm 
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Aromatic Triazoles as Corrosion Inhibitors 
for Mild Steel in Acidic Environments 
MA. Ouraishi and R. Sardar' 
ABSTRACT 
3-hydroxyphenyl-4-phenyl-5-mercapto-l,2.4.triazole (HPMT): 
3-aminophenyl-4-phenyl-5-mercapto-l,2,4,triiazole (APMT); 
3.4-diphenyl-5-merc<xpto-1.2,4-tria2ole (DPAf77; end 3-
cinnamyl-4-phenyl-5-mercapto-l,2,4.triazole (CPMT) were 
synthesized in the laboratory, and their Influence on the 
inhibition oj corrosion of mild steel in 1 N hydrochloric acid 
(HCl) and 1 N sulfuric acid IH^SOJ was investigated by 
weight loss and potentiodynamic polarization techniques. 
The inhibition ejjlclency of these compounds was found to 
vary with concentration, temperature, and Jmmerston time 
Good inhibition ejjiciency was evidenced in both acid solu-
tions. The adsorption of these compounds on the steel sur-
face for both acids was found to obey Temktn's adsorption 
isotherm. The potentiodynamic polarization data showed 
that the compounds studied were filming (adsorptiorO 
inhibitors. 
KEY WORDS: acidic environments, aromatic triazoles, con-
centration, hydrochloric acid, inhibitors, immersion time, mild 
steel, potentidynamic polarization, sulfuric acid temperature, 
weight loss 
INTRODUCTION 
Acid inhibitors are used widely in Industrial applica-
tions (i.e., to remove mill scale in pickling solutions, 
to etch surfaces prior to coating acidization of oil 
wells, etc.). Most of the efficient Inhibitors used in 
Submitted for publication October 2001 . In revised form. March 
2002 
Corrosion Research Laboratory. Department of Applied Chemis-
try, Faculty of Engineenng and Technology, Aligarh Muslim 
University, Aligarh - 202002 (U P ) India 
industry are organic compounds, which contain 
mainly oxygen, sulfur, nitrogen atoms, and multiple 
bonds In the molecules that facilitate adsorption on 
the metal surface.'"' The corrosion inhibition effi-
ciency of organic compounds is related to their 
adsorption properties. It h a s been observed that 
adsorption mainly depends on the presence of n-elec 
t rons and heteroatoms, which induce greater adsorp-
tion of the inhibitor molecules onto the surface of 
mild steel. The compounds containing both nitrogen 
and sulfur are of par t icular importance as they often 
provide excellent inhibition compared with com-
pounds containing only nitrogen and sulfur.*^ 
In continuation of the work on development of 
N- and S-containlng corrosion inhibitors for acidic 
solutions,' '* the au tho r s have studied the corrosion 
inhibiting behavior of triazoles, namely 3-
hydroxyphenyI-4-phenyl-5-mercapto-1,2,4,triazoIe 
(HPMT): 3-amlnophenyl-4-phenyl-5-mercapto-
1.2,4,triazole (APMT); 3,4-dlphenyl-5-mercapto-l ,2,4-
triazole (DPMT); and 3-clnnamyI-4-phenyl-5-
mercapto-l ,2,4,triazole (CPMT) on mild steel in acidic 
solutions. 
EXPERIMENTAL PROCEDURES 
Materials 
The test material was mild steel (composition 
|vvt%l: 0.14 C, 0.35 Mn, 0.17 Si, 0.025 S, 0.03 P, and 
bal. Fe). For weight loss measurements , 2-by-2-by-
0.25-cm specimens were used. For potentiodynamic 
polarization, mild steel specimens with an exposed 
area of 1 cm^ were used 
748 
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TABLE 1 
Names and Structures of the Compounds Used as Inhibitors 
Structure Name and Abbreviation 
o 
N N 
N N 
A X 
CH = C H ' ^ ^ N ^ ' ^ S H 
3-tiydroxyphenyl-4-phenyl-5-mercapto-
1,2,4-tnazole(HPMT) 
3-aminophenyl-4-phenyl-5-mercapto-
1,2,4-triazole(APMT) 
3,4-diphenyl-5-mercapto-
1,2,4-triazole (DPMT) 
3-cinnamyl-4-phenyl-5-niercapto-
1,2,4-triazole (CPMT) 
The specimens were polished with silicon carbide 
(SiC) papers having different grit, degreased with 
trlchloroethylene (CClj = CHCl), and dried at room 
temperature. Double-distilled water and analytical 
reagent-grade hydrochloric acid (HCl) and sulfuric 
acid (H2SO4) were used to prepare the test solutions. 
Inhibitors were synthesized in the laboratory follow-
ing procedures reported previously.'" " The molecu-
lar structures of these compounds are presented in 
Table 1 
Procedure 
Weight Loss Studies — Weight loss tests were 
performed in accordance with ASTM methods de-
scribed previously.'^ '^  Tests were conducted in 1 N 
HCl and 1 N H2SO4 for 3 h, 6 h, and 24 h at room 
temperature, with different concentrations of inhibi-
tors, in 1 N HCl containing 500 ppm of each inhibitor 
at three temperatures ranging from 30°C to 50°C for 
2 h, and m 1 N to 3 N HCl and 1 N to 3 N HjSO, con-
tamintj 500 ppni of each inhibitor at 30^C for 2 h 
11 ul(- n \ i iK 
Potentiodynamic Polarization Studies . 
Polarization curves were recorded potentiody-
namlcally (1 mV/s) using an EG&G Princeton 
Applied Research (PAR) model 173' potentiostat/ 
galvanostat, a model 175* universal programmer, and 
a model RE 0089* X-Y recorden The test temperature 
was 28 ± 2°C. The cell assembly consisted of a mild 
steel working electrode (WE), platinum counter elec-
trode (CE). and a saturated calomel electrode (SCE) 
as the reference electrode. 
RESULTS AND DISCUSSION 
The corrosion rates obtained from weight loss 
and calculated inhibition efficiencies (IE) for different 
concentrations of these compounds are given In 
Table 2. It is evident that all of these compounds in-
hibited corrosion of mild steel in both 1 N HCl and 
1 N H2SO4 at all concentrations under study The IE 
actually increased monotonically in both Figures 1(a) 
and 2(a) as the concentration of the inhibitor m-
cieased The highest IE was obtained at 500 ppm m 
both 1 N HCl and 1 N H,SO, solutions 
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TABLE 2 
Corrosion Parameters for Mild Steel In 1 N H^SO, and 1 N HCI 
in the Absence and Presence of Various Intilbitors from Weigfit Loss Measurement at 25°C for 3 h 
Inhibitor 
Concentration 
(ppm) 
Blank 
HPMT 
25 
50 
100 
200 
300 
400 
500 
APMT 
25 
50 
100 
200 
300 
400 
500 
DPMT 
25 
50 
100 
200 
300 
400 
500 
CPMT 
25 
50 
100 
200 
300 
400 
500 
' " OR = corrosion rate 
Weight Loss 
(mg) 
166,2 
49.6 
44.0 
43.0 
37,5 
36.3 
34,7 
30.6 
35.9 
22.2 
10,1 
9.4 
4.7 
4.1 
3,1 
24,5 
10.7 
8,3 
4.9 
3.2 
2.6 
1.8 
20.5 
8.3 
6.6 
3.9 
3.2 
2.4 
0.8 
1 N HjSO. 
IE 
(%) 
— 
70,1 
73.5 
74.1 
77.4 
78.1 
79,1 
81,6 
78,4 
86.6 
93.9 
94.3 
97.2 
97.5 
98.1 
65.2 
93.5 
95.0 
97.0 
98.1 
98.4 
98.9 
87.6 
95.0 
96.0 
97.6 
98.1 
98.5 
99.5 
CR"i 
(mm/y) 
61,7 
8,42 
16,34 
15,97 
13,93 
13.48 
12.89 
11.36 
13.33 
8.24 
3.75 
3.49 
1.74 
1.52 
1,15 
9,10 
3,97 
3,08 
1.82 
1.18 
0.96 
0.66 
7.61 
3.08 
2.45 
1.44 
1.18 
0.89 
0.29 
Weight Loss 
(mg) 
93,4 
70,0 
65,3 
60,5 
49,2 
38,0 
29,8 
25,2 
60.3 
54.5 
38.9 
31.6 
23.3 
17.5 
15.5 
42.8 
36.9 
29.8 
23.3 
21.4 
17.7 
14.7 
32.6 
27.1 
27.0 
20.4 
18.5 
13.7 
11.8 
1 NHCI 
IE 
(%) 
— 
25.0 
30.1 
35,2 
47,3 
59.3 
68,1 
73.0 
35.4 
41.6 
58.3 
66.1 
75.0 
81,2 
83,4 
54,2 
60.5 
68.1 
75.0 
77.1 
61,0 
84.2 
65.1 
70,9 
71,1 
78,1 
80,2 
65.3 
87.3 
CR 
(mm/y) 
34.69 
26.00 
24.25 
22.47 
18,27 
14,11 
11.07 
9.36 
22.40 
20.24 
14.45 
11.73 
8.65 
6.50 
5.75 
15.90 
13.70 
11.07 
8.65 
7.95 
6.57 
5.46 
12.11 
10.06 
10,03 
7.57 
6.87 
5.08 
4.38 
The values of corrosion rate and IE of triazoles at 
500 ppm concentration at different temperatures are 
given in Table 3. The variation of IE with an increase 
in acid concentration is shown in Figures 1(b) and 
2(b)—it is clear that these compounds are corrosion 
inhibitors by providing >70% IE over the acid range 
of 1 N to 3 N, thereby suggesting that all of the com-
pounds are effective corrosion Inhibitors In both the 
acid solutions over this concentration range. How-
ever. DPMT exhibited an inverse relationship with 
increasing acid concentration. Figures 1(c) and 2(c) 
show that IE for all three compounds (viz. APMT, 
DPMT, CPMT) did not change significantly with in-
creases in temperature from 30°C to 50°C, while IE 
of HPMT increased with an increase in temperature 
in 1 N HjSO,. In 1 N HCI solution, IE of all of these 
compounds increased with an increase in tempera-
ture, indicating that the Inhibitive films formed on 
the metal surface were more protective at higher 
temperatures. 
The effect of immersion time on IE is shown in 
Figures 1(d) and 2(d). Increases in immersion time 
caused small changes in IE values for all of the 
compounds In 1 N HjSO,. In 1 N HCI solution, IE 
increased with the immersion time for three com-
pounds (viz. HPMT, APMT, CPMT) while it decreased 
for DPMT. Inhibition of corrosion of mild steel in 
acidic solutions by triazoles can be explained on the 
basis of adsorption. These compounds inliibit corro-
sion by controlling anodic and cathodic reactions. 
In acidic solutions, these compounds e.xist as proto-
nated species. These protonated species may adsorb 
on the cathodic sites of the mild steel and decrease 
the evolution of hydrogen. The adsorption of these 
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100 200 300 400 500 
Inhibitor Concentration (ppm) 
(a) 
100 -
UJ 
1 2 3 
Acid Concentration (N) 
(b) 
100 
30 40 50 3 6 
Solution Temperature (°C) Immersion Time (h) 
(c) (d) 
FIGURE 1. (a) Variation of IE with inhibitor concentration in 1 N H^O, (A HPMT, B APMT, C DPMT, D CFMT) 
(b) Variation of IE with acid concentration in 1 N H^SO, (A HPMT, B APMT, C DPMT, D CPMT) (c) Variation of IE with 
solution temperature in 1 N H^SO, (A HPMT, B APMT, C DPMT. D CPMT) (d) Variation of IE with immersion time in 
1 N HiSO, (A HPMT. B APMT, C DPMT, D CPMT) 
molecules on anodic sites occurs through jt-elec 
trons of aromatic nngs and lone pair of electrons of 
nitrogen and sulfur atoms, which may decrease 
anodic dissolution of mild steel '•* Among the com-
pounds investigated in the present study, CPT was 
found to give the best performance as a corrosion 
inhibitor in this study This can be explained on 
the basis of the presence of an additional 7i-bond 
between carbon atoms (-C = C-) in conjugation 
with an aromatic nng These extensively delocalized 
K electrons favor greater adsorption on the metal 
surface as compared to other compounds The better 
IE obsened in 1 N HjSO^ than in 1 N HCl may be 
attributed to the differences in adsorption of chloride 
Tnd sulfite ions The chloride ions which are 
strongl\ adsorbed on the metal surface leave less 
sparo for tlu inhibitor mo'eciiics to adsoib in con 
trast lower adsorption of sulfate ions on the metal 
surface permits more space for the adsorption of 
inhibitor molecules and enhances inhibition of 
corrosion '* '* 
The activation energy (EJ values were calculated 
using the Arrhenius equat ion" '* and by the slope 
function method '^  
ln(r2/r,) = -E3AT/ (RxT2xT, ) (1) 
where r, and rj are corrosion rates at temperatures 
T, and T, respectively AT is the difference in tem 
perature [V^ T,) 
2 3 0 3 x 1 QS7^ ' " °^ ' " ' ca l / i iK ) le (91 
c l ( l / l ) ' ^ ' 
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100 200 300 400 500 
Inhibitor Concentration (ppm) 
(a) 
UJ 
100 -
90 
80 
70 
X _L 
30 40 50 
Solution Temperature ("C) 
(c) 
1 2 3 
Acid Concentration (N) 
(b) 
UJ 
100 
90 
80 
70 
-Uf-
24 
Immersion Time (h) 
(d) 
P\G[^RE 2. (a) Variation of IE with inhibitor concentration ml NHCI (A HPMT.B APMT.C DPMT,D CPMT) (b)Variation 
of IE with aaa concentration in 1 N HCI (A HPMT.B APMT.C DPMT.D CPMT) (c) Variation of IE with solution temperature 
in 1 N HCI (A HPMT. B APMT, C DPMT, D CPhJIT) (d) Variation of IE with immersion time in 1 N HCI (A HPMT, B APMT, 
C DPMT, D CPMT) 
where r is the corrosion rate and T is temperature in 
Kelvin 
Free energy of adsorption (AG,<iJ at different tern 
peratures was calculated from the following equation 
AG d^^  =-FiTln (55 5K) 
and K is given by 
K = 8 / C (1-9) 
(3) 
(4) 
where 9 is degree of coverage on the metal surface C 
IS the concentration of inhibitor in mole/L, and K is 
the equilibrium constant The E, and AG.ds values are 
given m Table 4 The low and negative values of AG,,,, 
indicated the spontaneous adsorption of inhibitors 
on the surface of mild steel The negative values of 
AG,d, also suggest the strong interaction of the in 
hibitor molecules with the mild steel surface ^°^' 
ADSORPTION ISOTHERM 
Plots of 6 vs log C gave straight lines for both 
acid solutions shown in Figures 3(a) and (b) The 
adsorption of these compounds on the mild steel in 
1 N HCI and 1 N H2SO4 obeyed Teirkm's adsorption 
isotherm supporting the hypothesis that corrosion 
inhibition by these compounds results from adsorp 
tion on the metal surface 
POTENTIODYNAMIC POLARIZATION STUDIES 
The polarization behavior of mild steel in 1 N 
HCI and 1 N HjSO, in the absence and presence of 
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TABLE 3 
Corrosion Rate and IE of Various Inhibitors at 500 ppm Concentration 
at Different Temperatures Obtained by Weight Loss Measurement in 1 N f-f^SO^ and 1 N HCI for2 h 
Inhibitor 
Concentration 
(ppm) 
1 N HjSO, 
HPMT 
APMT 
DPMI 
CPMT 
1 IMHCI 
HPMT 
APMT 
DPMT 
CPMT 
30X 
CR 
(mm/y) 
76.73 
15.32 
1,95 
1.50 
0.72 
62.41 
18.55 
11.20 
9.30 
8.69 
IE 
(%) 
30.0 
97.4 
98.0 
99.0 
70.3 
82.0 
85.1 
86.0 
40''C 
CR 
(mm/y) 
98.41 
14.71 
0,50 
4.90 
2.39 
156,58 
31.09 
4.68 
6.18 
2.45 
IE 
(%) 
85.0 
99.5 
95.0 
97.5 
80.1 
97.0 
96.0 
98.4 
50=0 
CR 
(mm/y) 
157.08 
15.65 
7.80 
4.68 
3.12 
236.66 
14.15 
4.56 
8.13 
3.06 
IE 
(%) 
90.6 
95.0 
97,0 
98.0 
94.0 
98.6 
96.5 
98.7 
TABLE 4 
E, and AG,a, lor Mild Steel in 1 N HsSOt and 1 N HCI in the Absence and Presence of Various Inhibitors 
Inhibitor 
Concentration 
(ppm) E. (kcal/mol) 
(kcal/mol) 
(Slope Function) 30°C 
-AG^ (l<cal/mol) 
40''C sec 
1 N HjSO. 
HPMT 
APMT 
DPMT 
CPMT 
1 NHCI 
HPMT 
APMT 
DPMT 
CPMT 
7.04 
1.0 
40.41 
11,61 
13.95 
12.82 
12.75 
8.46 
6.60 
14.10 
9.15 
1.37 
26.99 
11.44 
13.72 
13.72 
11.44 
9.15 
4.57 
12.35 
8.18 
9.58 
9.60 
10,17 
13.13 
8.30 
8.38 
8.51 
8.72 
10.91 
9.41 
9.95 
8.50 
9.80 
9.56 
10.24 
9.29 
7.81 
10.05 
10.41 
9.64 
10.39 
9.96 
10.68 
500 ppm Inhibitor concentration is shown in Figures 
4(a) and (b). Electrochemical peirameters such as cor-
rosion potential (Ec„„), corrosion current density (IcoJ. 
and Tafel slopes (I.e., cathodlc [bj and anodic [b,] 
Tafel slopes) were calculated from Tafel plots and are 
given In Table 5. 
The maximum decrease in i„„ was at 500 ppm 
concentration for each of the compounds. A maxi-
mum decrease in ico„ was observed for CPMT. In all of 
the compounds, E^^^ values did not show any signifi-
cant variations In either acid solution, and none of 
these Inhibitors showed significant changes In b , and 
be slopes, indicating that these compounds are film-
ing (adsorption) inhibitors. 
CONCLUSIONS 
• All of the triazoles acted as efficient corrosion in-
hibitors up to 3 N in HCI and H2SO4 solutions. 
•:• IE increased as the concentration of the inhibitor 
increased. 
•:• All of the compounds were effective corrosion in-
hil^itors in both acid solutions. 
• In 1 N HjSO« soluUon, IE of APMT, DPMT, and 
CPMT did not change significantly with Increases In 
temperature while it increased in HPMT. However, in 
1 N HCI solution, IE of all of these compounds in-
creased with increases in temperature. 
• In 1 N H2SO4 solution. Increases in immersion 
time caused small changes In IE values for all of 
these compounds. However, in 1 N HCI solution, IE of 
all of these compounds increased, except for DPMT. 
• All of the tricLzoles inhibited corrosion of mild steel 
by adsorption on the metal surface. 
• Adsorption of the triazoles on the mild steel sur-
face in both acid solutions obeyed Temkin's adsorp-
tion isotherm. 
• All of the triazoles examined acted as filming (ad-
sorption) inhibitors in 1 N HCI and 1 N H2SO4. 
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TABLE 5 
Electrochemical Polarization Parameters for the Corrosion of Mild Steel 
in 1 N H2SO^ and 1 N HCI Containing Optimum Concentration of Various Inhibitors at 28 + 2°C 
Inhibitor 
Concentration 
(ppm) 
Blank 
HPMT 
500 
APMT 
500 
DPMT 
500 
CPMT 
500 
' -COfT 
(mV) 
-550 
-540 
-566 
-532 
-532 
'cOfT 
(mA 
cm"') 
0.36 
0.046 
0.03 
0.012 
0 009 
1 N HjSO, 
bo 
(mV 
dec-') 
110 
110 
112 
112 
110 
b. 
(mV 
dec"') 
70 
70 
72 
70 
72 
IE 
(%) 
— 
87.2 
91.6 
96.6 
97.5 
(mV) 
-596 
-604 
-582 
-582 
-614 
be 
(mV 
dec-') 
100 
100 
96 
100 
100 
1 NHCl 
b. 
(mV 
dec"') 
52 
50 
50 
54 
52 
ico„ 
(mA 
cm ') 
0 35 
0 065 
0 03 
0 02 J 
0 02 : 
IE 
(%) 
— 
81 -
91 4 
92 0 
93 r 
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Inhibition of Mild Steel Corrosion 
in the Presence of Fatty Acid Thiosemicarbazides 
M A Ouraishi,' D. Jamal, and R N. Singh" 
ABSTRACT 
Selected thiosemicarbazides of fatty acids with C,rC,g 
carbon atoms were synthesized and evaluated as corrosion 
inhibitors of mild steel (MS) in 1 N hydrochloric acid (HCl) 
and 1 N sulfuric acid (H^OJ by weight loss and poleniiody-
nanuc polarization methods. Tlie values of activation energy 
and free energy of adsorption of aU. the thiosemicarbazides 
were calculattid to investigate the mechanism o/corrosion 
inhibition. The poientiodynamic polarization studies, can-fed 
out at room temperature, revealed that all (he compounds 
blocked the corrosion reactions. Tlxe adsorption of nil the 
thiosemicarbazides on the MS surface in both the acid solu-
tioiis wa!>foun<-t la obey Tcinkiii's <idsnrpUon isolhcriu. All 
oj these compounds showed good inhibition efficiency (IE) in 
both acids. The IE of these compounds was found to vary 
with the nature and concentration of the compounds, solution 
temperature, immersion time, and nature of the acids Elec-
trochemical impedance spectroscopy ii>as also used to inucs 
liqnic Ihc mcchant.':in oj coirosinn inhihtlion 
KEY WORDS; corrosion inhibition, electrochemical impedance 
spectroscopy, fatty acids, hydrochloric acid, mild steel, 
potentiodynamic polarization, sulfuric acid. Temkin's adsorp-
tion isotherm, thiosemicarbazides 
INTRODUCTION 
Acid inhibitors find many applications in t_he indus-
tnaJ field as components in acid pickling, indus tna l 
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acid cleaning, oil and gas well acidizing, acid de-
scaling, etc. The environmental damage caused by 
using conventional inorganic inhibitors, such as Cr 
containing compounds, has resulted in increased us-
age of organic inhibitors. Most of the effective organic 
inhibitors used In tlie Industry contain heteroatoms 
such as O. N, S, and multiple bonds In their mol-
ecules through which they can adsorb on the metal 
surface.'"* Previous studies have been conducted on 
thiourea and its derivatives. These compounds are 
reported to be highly toxic and to Induce permeat ion 
of hydrogen into the metal, causing hydrogen e m b n t 
llcmont."' A survey of the literature reveals that corn: 
slon inhibitors derived from fatty acids consti tute an 
important and potential class of corrosion inhlWtors 
Badran, et al.. Investigated the corrosion-inhibiting 
properties of a modified epoxldized lirisred oil and 
oleic ncid with mclhyl. clhyl. and buty! aminos ;incl 
reported >90% inhibition efficiency (IE) of these com 
pounds In 0.05 N hydrochloric acid (HCl) solution ^' 
Hanna, ct al. . s tudied the Inhlbltive action of 
ethoxylated fatty acid derivatives as ( orrosion Inhlbi 
tors for mild steel (MS) in HCl and sulfunc acid 
(H2SO4).® However, no work has been reported on latt^ 
acid thiosemicarbazides as corrosion inhibitors in 1 r 
acidic solutions. 
In cont inuat ion of work on the development of 
acid coiTOsion Inhibitors.^'"' the au t t or& have s tuc ic 
the corrosion inhibiting behavior of fatty acid 
thiosemicarbazides, namely l-undecaric-4-phenyl 
thlosf-mirarbazide (UFFS). 1-hepLadc^cne 4-phcn\ ! 
thloscmlcarbazide (HPTS). and l-decene-4-phen>'i 
thiosemicarbazide (DPTS) on the coiTo^ion of MS n 
acidic bohition 
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TABLE 1 
Name and Sinictural Formulas of the FaUy Acid Thiosemicarbazides 
Structure 
O 
II 
CH3 (CH2),o C NHNH—C NH 
O 
II 
v\ // 
CH3 (CHj); CH = CH (CH2)- C NHNH — C — N H 
O S 
II II 
C H j ^ : CH (CH2)a C NHNH — C NH 
^ / / 
^ // 
Designation 
and Abbreviation 
1 undecane 4 phenyl 
Ihiosemicarbazide (UPTS) 
1 heptadecene-4 phenyl 
Ihiosemicarbazide (HPTS) 
1 decene 4 phenyl 
thiosemicarbazide (DPTS) 
EXPERIMENTAL PROCEDURES 
Weight Loss Studies 
Expenments were performed with cold-rolled 
MS strips of 2 by 2.5 by 0.25 cm (0.788 by 0.984 by 
0.098 In.) with the following composition (wt%): 
0.14% C. 0.35% Mn. 0.17% SI. 0.025% S. 0.03% P, 
and balance Fe. Electrodes were polished with emery 
papers of 1/0, 2/0. 3/0, and 4 /0 grades and de-
greased with tnchlorocthylene {CHC1= CCli) The 
total surface area of the clear and dry specimens was 
measured with utmost accuracy. The weight of each 
specimen was measured before exposing it to the in-
hibited or uninhibited solutions on a digital balance 
Test conditions were controlled throughout the test 
to ensure reproducible results. After a definite expo-
sure time, the specimen was taken out and washed 
with running water. The corrosion product on the 
steel surface, if any, was removed mechanically by 
nibbing with a brush. The specimens were then dried 
and weight loss was recorded. A thermostatic water 
b.idi (accMiracy l l ' C ) w.ij, u.scd for carrying oiil llu-
weight loss experiments at various temperatures. The 
acids HCl and HjSO, (Merck*) of as-received grade 
were used for preparing solutions. Double-distilled 
water was usea to prepare solutions of 1 N HCl and 
1 N H2SO4 The thlosemicarbazides of fatty acid were 
synthesized as described by Kltture, et a l . , " and 
chaiacterized by their Infrared spectra, and the 
punty of the compounds was checked by thin-layer 
Lhroinatography Names and molecular structures 
ol the compounds are given in Table 1 
Potentiodynamic Polarization Studies 
For potentiOdynamic polarization studies, MS 
A'orkjng electrodes of 1 cm by 1 cm (0 393 in by 
Tiade rame 
0 393 in ) with a tag of 4 cm (1 575 in ) were cut from 
steel of the same compobUion and polished with 1/0 
to 4 /0 grade emery paper The specimens were then 
washed with distilled water and finally degreased 
with tnchlorocthylene. The unwanted area of the 
working electrode was coated with a lacriuer to ob-
tain a well-defined working area of 1 cm'' (0 393 in.''), 
per ASTM G3-74 and G5-87." Potentiodynamic po-
larization studies were earned out using an EG&G 
Pnncelon Applied Research (PAR) model 173* 
potenliostat/galvanostat, a model 175' universal pro 
grammer. and a model RE 0089' X-Y recorder. A Pt 
foil was used as the auxiliary electrode, and a satu-
rated calomel electrode (SCE) was used as the refer-
ence electrode. All expenments were earned out at a 
constant temperature of 28 ± 2°C and a scan rate of 
1 mV/s at open-circuit potential (OOP). The polanza-
tion curves were obtained after immersing the elec-
tiode in the solution until reaching a steady state 
Electrochemical Alternating 
Current Impedance Studies 
In this technique, a Ihree-eleclrode assembly 
was used that consisted of a MS strip as the working 
electrode, Pt as the auxiliary electrode, and SCE as 
the reference electrode The specimen, so-called 
working electrode, was polished with emery paper of 
grade 1/0 to 4 /0 . degreased with tnchloroethylene. 
and then immersed in the test solution present in the 
cell Impedance measurements were performed at 
corrosion potential (E^„J with an alternating current 
(AC) voltage amplitude of 5 mV in the frequency 
range of 5 Hz to 100 kHz A time interval of a few 
mmutes was given for the OCP to read a steady 
value. All the measurements were earned out by an 
EG&G PAR model 273A' potentiostat/galvanostat 
and EG&G PAR model 5301 A' lock-.n amplifier, ubing 
an IBM' computer at 28 ± 2°C 
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TABLE 2 
Corrosion Parameters for MS in 1 N HCI and 1 N H^O^ in the Absence and Presence 
of Different Concentrations of Various Inhibitors from Weight Loss Measurements at 35°C 
Xppm) 
Blank 
UPTS 
25 
50 
100 
200 
300 
400 
500 
HPTS 
25 
50 
100 
200 
300 
400 
500 
DPTS 
25 
50 
100 
200 ' 
300 
400 
500 
Weight 
LOM 
(mg) 
112.70 
7.73 
6.99 
6.20 
4.60 
3.80 
2.82 
2.41 
6.46 
4.10 
1.77 
1.34 
0.96 
0.73 
0.66 
8.57 
7.01 
5.01 
2.82 
1.47 
1.00 
0.48 
IE 
(%) 
— 
93.15 
93.80 
94.50 
95.92 
96.62 
97.50 
97.86 
94.25 
96.36 
98.43 
98.82 
99.15 
99.36 
99.42 
92.40 
93.77 
95.55 
97.50 
98.69 
99.12 
99.58 
1 NHCI 
CR 
(mmpy) 
62.80 
4.30 
3.89 
3.45 
2.56 
2.12 
1.57 
1.34 
3.61 
2.28 
0.98 
0.74 
0.53 
0.40 
0.36 
4.77 
3.91 
2.79 
1.57 
0.82 
0.55 
0.26 
Auger Electron Spectroscopy Studies 
Surface 
Cov«rtg* 
(6) 
— 
0.931 
0.938 
0.945 
0.959 
0.966 
0.975 
0.978 
0.942 
0.963 
0.984 
0.988 
0.991 
0.993 
0.994 
0.924 
0.937 
0.955 
0.975 
0.986 
0.991 
0.995 
Weight 
Lost 
(mg) 
102.70 
6.22 
4.50 
2.31 
2.12 
2.02 
1.73 
1.63 
6.01 
4.52 
2.80 
1.74 
1.23 
1.04 
0.80 
2.38 
2.03 
1.63 
1.21 
0.82 
0.66 
0.57 
IE 
(%) 
— 
93.95 
95.63 
97.74 
97.93 
98.04 
98.25 
98.40 
94.14 
94.14 
97.27 
98.30 
98.81 
98.98 
99.23 
97.69 
98.06 
98.40 
98.82 
99.21 
99.37 
99.45 
1 N H,SO, 
CR 
(mmpy) 
57.23 
3.46 
2.50 
1.29 
1.18 
1.12 
1.00 
0.91 
3.35 
3.35 
1.56 
0.97 
0.68 
0.58 
0.44 
1.32 
1.11 
0.91 
0.67 
0.45 
0.36 
0.31 
RESULTS AND DISCUSSION 
Surface 
Covereg« 
(6) 
— 
0.939 
0.956 
0.977 
0.979 
0.980 
0.982 
0.98-? 
0.941 
0.941 
0.97? 
0.983 
0.988 
0.989 
0.992 
0.976 
0.98C 
0.984 
0.988 
0.992 
0.993 
0.994 
Auger electron spectroscopy (AES) analysis of 
the samples was carried ou t us ing an Auger electron 
spectroscope (Varian CMA VT-112') . Specimens were 
polished us ing different g r ades of emery papers , 
dipped in inhibited acid solut ion containing 500 ppm 
DPTS for 2 h. rinsed with triple-distilled water, 
and dried a t room tempera ture . ' ^ Specimens 1 cm^ 
(0.393 in.^j were each fixed on a sample holder with 
the help of silver pas te . The spec imens were then 
introduced into a fast en t ry lock (FAEL) chamber , 
which was main ta ined a t a v a c u u m level of 10"" torr 
(1.33 X 10"^ pa). After allowing for degassing, the 
specimens were t ransferred into the preparat ion 
chamber. They were again kep t for a long enough 
time to facilitate further degass ing. The specimens 
v/ere then introduced Into the analyzer chamber. 
The area of Interest was selected with the help of a 
scanning electron microscope (SEM) a t tached to the 
ins t rument . The energy sca le was calibrated by 
measur ing the analyzer \ 'oltage required to t ransmit 
elastically reflected pr imary electrons of knov/n en-
ergy. The beam energy of 3 KeV was used to obtain 
the Auger spectra . The dep th of the resolution was 
2A to 20A, 
Weight Loss Studies 
Table 2 shows the va lues of Inhibition efficienc\' 
(IE) and corrosion rate (CR) obtained from weight 
loss measurements a t different concent ra t ions of 
thiosemicarbazides a t 35°C. From the weight loss 
values, the %IE and surface coverage (6) of each con 
centrat lon were calculated us ing the foUovrtng: 
1E(%) = [(CR„ - CR) / CR„] X 100 
e = ( C R „ - C R ) / C R , '• 
where CR,, and CR are the corrosion ra tes in the ab-
sence and presence of Inhibi tors , resoectlvely. It has 
been observed that the IE for all of thiese compoimds 
increases with increasing concent ra t ions (F)gures 
1 [a] and |dl). The m a x i m u m IE of each compound 
was achieved at 500 ppm. In genera) for pickling oJ 
steel, as pointed out by M a c h u " and Turgoose, et 
a!.."' S-contalnlng c o m p o u n d s are preferred for 
HjSO, solution and N-contalnlng compounds for HCi 
solution. Every, et al..^° and Schmitt^ reported that , 
often, n nii.xture of N and S compounds arc better 
I" JRFiOSION SLIEI\CF SECTION 
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(b) 
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FIGURE 1. Variation ot IE with (a) inhibitor concentration, (b) solution temperature, (c) immersion time in 1 N HCI and (d) 
inhibitor concentration, (e) solution temperature and (I) immersion time in t N HgSO^ (A UPTS, B HPTS. and C OPTS) 
than either type alone The compounds In the 
present s tudy contained both N and S atoms, hence 
they exhibited excellent performance (>92% IE) on 
the corrosion of MS In 1 N HCI and 1 N HjSO, even 
at a concentration as low as 25 ppm 
The Influence of the temperature of thiosemicar 
bazldes at maximal concentration (1 e , 500 ppm) on 
IE Is shown In Figures 1(b) and (e) It was observed 
that the IE (± 1 5%) for all the thlosemlcarbazldes did 
not chajlge significantly with the Increase In tem-
perature from 35°C to 65°C showing that the inhibi-
tors are effective at higher temperatures, up to 65°C 
The varlaUon of IE in all three fatty acid 
thlosemlcarbazldes with Immersion time Is shown In 
Figures 1(c) and (f) It was observed that no signifi-
cant change In IE occurred with the Increase in im 
mersion time from 2 h to 6 h 
The values of activation energy (E,) were calcu 
lated using the Arrhenius equation '^ 
In(r2 / ?;) = - E , X AT / (R X T, X Tj) (2) 
where r, and rj are corrosion rates at temperature T, 
and Tj. respectively AT Is the difference in tempera 
ture (Tj - T,) The free energy of adsorption (AG,..J at 
different temperatures was calculated from the fol 
lowing equation " 
AG^ds = - R T l n (55 5 K) (3) 
and K Is given by the following 
K = e / C ( l - e ) (4) 
where 9 is the degree of coverage on the metal sur 
faces C is the concentration of inhibitor in mole 1 ' 
and K is the equilibrium constant The values of E^ 
and AG,,, are given in Table 3 It was found that E 
values of inhibited systems were higliei tlian lliosr 
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TABLE 3 
E, and AG^, tor MS in 1 N HCi and 1 N H^SO, in the 
Absence and Presence of 500 ppm of Vanous Inhibitors 
System 
1 NHCI 
UPTS 
HPTS 
DPTS 
1 N HjSO, 
UPTS 
HPTS 
DPTS 
E. 
(kCal/mol) 
11 31 
11 37 
17 10 
19 49 
11 20 
12 18 
14 84 
20 38 
35°C 
8 93 
9 60 
9 77 
— 
9 13 
9 35 
9 61 
- A G ^ . 
45°C 
9 37 
9 93 
9 99 
— 
9 69 
9 96 
9 67 
(kCal/mol) 
S5°C 
9 50 
9 92 
10 08 
— 
9 87 
9 64 
9 56 
es-c 
10 26 
10 00 
9 92 
— 
10 25 
9 99 
9 66 
<!> 
0) > 
o 
O 
u 
x: 3 
C/) 
of uninhibited systems The negative values of AG,^, 
indicate spontaneous adsoqjtlon of the inhibitors on 
the surface of MS " The AG,^, values for all the com-
pounds at higher temperatures were >9 56 kCal/moI 
(40 kJ/niol). Indicating that the inhibitor molecules 
on the MS surface are chemlsorbed." The negative 
values of AG.d. also suggest a strong interaction of 
the inhibitor molecules on the MS surface ." 
Detetmination of Adsorption Isotherm 
To unders tand the mechanism of corrosion Inhi-
bition, the adsorption behavior of the organic adsor-
bates on the metal surface must be known.^ The 
surface coverage values (6) were evaluated using CR 
values obtained from the weight loss method The 9 
v.iliics for dlffcrciil conccntrailon.s of Inhibitors [rom 
the acids were tested graphically by fitting to various 
isotherms The 8-vs-logC plot for different concentra-
tions of the compounds shows a straight line. Indi-
cating that the adsorption of the compounds on the 
MS surface from both acids followed Temkin's ad-
sorption isotherm (Figures 2|al and (bl). The applica-
bility of Temkin's adsorption Isotherm verifies the 
i^sumpdoii ol monolayer adsorption on n unKonii, 
homogeneous metal surface with an interaction in 
the adsorption layer." 
Potentiodynamic Polarization Studies 
The potentiodynamic anodic and cathodlc polar-
ization scans were carried out in 1 N HCI and 1 N 
HjSO< for different fatty acid thiosemlcarbazides at 
28 ± 2°C (Figure 3) The vanous electrochemical 
parameters calculated from Tafel plots are given n 
Table 4 The lower corrosion current density {1„„) val-
ues in the presence of the thiosemlcarbazides caused 
no significant changes in E„„ values suggesting ihat 
tlic compounds were adsorbed on the surface of the 
MS and blocked the corrosion reactions The maxi-
mum decrease in 1,<,„ value was observed in the case 
of DPTS indicating that DPTS is the most effective 
coirosion inhibitor among the studied fatty acid 
thiosemicarl^a/ides 
1 00 
0 98 
0 96 
0 94 
t,M-
2 0 2 2 2 4 2 6 
logC (ppm) 
(a) 
2 8 
1 00 
2.4 
logC (ppm) 
(b) 
FIGURE 2. Teml<in's adsorption isotherm plots for ttie adsorption oi 
various infiibitors in (a) 1 N HCI and (b) 1 N H^O, onto the sudace 
of MS (A UPTS, B HPTS. and C DPTS) 
Electrochemical Impedance Studies 
Impedance diagrams obtained for the frequency 
range of 5 Hz to 100 kHz al E ^ for MS in 1 N HCI 
are shown In Figures 4(a) and (b) These figures Indl 
cate that Impedance diagrams are not perfect semi-
circles, and this difference has been attributed to 
frequency dispersion." The values of charge-transfer 
resistance (R,) and double-layer capacitance (C ,^) 
were obtained using the Nyqulst plot and Dode plot, 
respectively ~^ The %IE was calculated using the 
following equation 
1/R10 
where R,y and R,, are charge-transfer resl'^Lancc 
v/ithout and with inhibitor, respectively (Table 5) It i--
apparent from Table 5 that values of 7, increase w t ' i 
increasing concentration of inhibitor I DPTS) and tnl=. 
in turn leads to an Increase in %IE The addition of 
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FIGURES Potentiod/namic polarization curves lor MS in (a) 1 N HCI and (b) 1 N H^O, in the presence and absence ol 
various inhibiton. al 500 ppm (A UPTS B H°'^S C DPTS and D DPTSj 
TABLE 4 
electrochemical Polarization Parameters tor the Corrosion of MS 
in 1 N HCI and 1 N H^SO, Containing 500 ppm of Various Inhibitors 
System 
Blank 
UPTS 
HPTS 
OPTS 
(mV) 
-596 
-603 
-604 
-504 
1 NHCI 
(mA/cm') 
0 350 
0 067 
0 045 
0 038 
IE 
(%) 
80 85 
87 14 
89 14 
(mV) 
-568 
-552 
-559 
-556 
1 N H,SO. 
(mA/cm*) 
0 37 
0 034 
0 026 
0018 
IE 
(%) 
90 81 
92 97 
95 13 
DPTS fo 1 N HCI lowers the C ,^ values, suggesting 
that inliibltion of MS corrosion in HCI is at tnbutable 
to adsorption of the inhibitor on the metal surface " 
AES Studies 
AS:S resul s for MS exposed to 500 ppm of DPTS 
are shown In 1 Igure 5 The appearance of peaks at 
148 eV and 37 6 eV confirm the adsorpUon of DPTS 
onto the MS si irface through 5- and N-atoms *^ 
Mechanism c f Corrosion Inhibition 
Inhibition of corrosion of MS in the acidic solu-
tion by tatty acid thiosemicarbazides can be ex-
plained on the basis of molecular adsorption. It is 
apparent from the molecular structure that the com 
pounds were able to be adsorbed on the metal sur 
f<K< throufili u lone pair of electrons of N- 0-. and 
S atoms, planarlly [n] elections of a benzene ring, 
and ?s a prolonated species ^ Among the acyclic 
olcocheniicals undeccnoic acid (C,,) bearing a double 
bond at the if-rnilnal position exhibited the best per 
formancc as a corrosion inhibitor The highest IE 
exhibited by the compound may be atirlbuled to 
Its adsorption on the metal surface through poiar 
groups as well as through 7i-electrons ol the double 
bond This leads to greater coverage of the metal sur-
face by these compounds, thereby resulting in higher 
IE The derivatives of launc acid showed the lowest 
IE because of the absence of a double bond in the 
hydrocarbon chain HPTS containing a s-bond and 
17 carbon atoms showed less IE than DPTS contain-
ing a 7t-bond and 11 carbon atoms because com-
pounds containing more than 11 carbon atoms 
showed less IE " The AG.j, values also corroborate 
the adsorption mechanism 
CONCLUSIONS 
• The fatty acid thiosemicaibsizides performed excel-
lently as corrosion inhibitors in both HCI and H2SO4 
media 
• They Inhibited the corrosion of MS in acid solu-
tions by the adsorption mechanism, and the adsorp-
tion of these compounds on the metal surface follows 
IVnikln s adsorplioii Isotherm 
REFERENCES 
1 MA Qiirril!.lil MA W.ijld Kh.iii M AJm.il Aj-ll Corrob Milli 
od« Miilir 43 (inOO) p 5 
2 S Murttlldharan S V Iyer Aiitl Corros Method* Mater 44 
11997) p 100 
3 N AJ Andls E Khamls A Al Mayouf H About Enein Corros 
Prev Control 42 (1995) p 13 
4 B HammoutI A AounitI M Taleb M Brtghll S Kertit Corro 
s/on 51 (1995) p 411 
5 O Schmitt Br Corros J 19 11984) p 165 
6 B M Badran A A ^bdcl Fatta). A A. Abdul AzIm Corros Set 
22 (19821 p 5 n 
206 C O R R O S I O N — M A R C H 2002 
63 CORROSION SCIENCE SECT C 
200 400 600 
(a) 
800 1,000 
E 
o 
g. 
fsT 
0 1 3 5 
Frequency (Hz) 
(b) 
FIGURE 4 Impedance diagrams lor (a) Nyquistplots and (b) Bode 
p!ots lor MS in 1 N HCI in the presence and absence of various 
curcentrations of DPTS (A 1 N HCI, B lOOppm and C 500ppm) 
B M Badran A A Abdel Fattah A A Abdul Azim Corroi Scl 
22(1982) p 525 
F Hanna C M Shcrbenl Y Brakat Br Corros J 24 (19891 p 
269 
MA Quralshl D Jamal Corrosion 56 (2000) p 156 
M A Q\irj.\shl D Jama l Corrosion 56 (2000) p 983 
M A Quralshl D Jamal M T Saeed J Am Oil Chcm Soc 77 
(2000) p 265 
M A Quralshl D Jama l J Anv Oil Chem Soc 77 (20001 p 
1 107 
M AJmal D Jamal M A Quralshl Antl Conros Methods 
Mater 47 (2000) p 77 
M A Quralshl D Jamal Antl Corros Methods Mater 47 
(2000) p 2J3 
M 1 H Kit ure C S Mahajanshettl J Oil Tech Assoc (India) 
16(1984) p 49 
ASTM Cl 72 -Metal Corrosion Erosion and Wear " Annual 
IVidk iif ASTM S( uul i rdt (W<s( CoiislKilKHkin I'A ASIM 
l<J87) p 85 89 
M A Quralshl M A W Khan M AJm<il S Muralldharan S V 
Iyer Cor-oslon 53 (1997) p 475 
M AJmal A S Mideen MA Quralshl Corros Scl 36(1994) p 
78 
S Turgoose W Bullough •Plckllng In Add ' Corrosion 3rd ed 
eds LL Shreir RA J a r m a n (Oxford UK Buttcnvorth 
Hclnrmnn Ltd 1994) p 1 1 23 
K L. Every O L RJggs Water Prol 3(1964) p 46 
9 
10 
II 
13 
14 
15 
16 
17 
19 
20 
TABLC 5 
Electrochemical Impedance Parameters lor MS 
in 1 N HCI Containing Different Concentrations of D°TS 
Concentration 
(ppm) 
R, 
(n-cm*) (nF/cm') 
It 
1 NHCI 180 1 412 63 
DPTS 
100 
500 
529 0 
1 000 0 
125 89 
5*^ 23 
95 fa' 
98 24 
800 1 00( 400 600 
Electron Energy (•&N) 
FIGURE 5. AES spectrum for MS exposed (o DPTS dN/dEis electro 
intensity 
21 R T Va>!hl VA Champanerl Indian J Chem Technol 4 
(1997) p ISO 
J Rodosevlc M KJiskIc L J Aljlnovlc S Vako T h e InhlblUvc 
Action of Some Pyridine Derivative on Aluminum Corrosion In 
Chloride Solution," in Froc 6th Eur Sym Corros Inhlb 
(Ferrara Italy University of Ferr«'« 199S) p 817 
A E Stoyanova E 1 Sokolova S N Raicheva Corros Scl 39 
(1997) p 1 595 
B G Ateya B E Andoull FM NIzamI Corros Scl 24(19841 
p 509 
M Elachourl M S HaJ)l M Salem S Kertll J Artde R 
Coudcrt E Essassl Corrosion 52 (1996) p 103 
K Ju l lnc r nUilroclilm A C 1 T 3 5 ( I 9 9 0 1 p I DO I 
S T Hirozawa 'Use of Electrochemical Noise In t h ' Study of 
Aluminum by Gem DIphosphonate " In Proc 8th Eur Sym 
Corros Inhlb (Ferrara Italy Unlv<;rslty of Ferraru, 1995) p 25 
N C Subramanlyam S Mayanna Corros Scl 25(1985) p 
163 
MA Quralshl J Rawat M AJmal Corrosion 54 (1998) p 996 
M A Quralshl M A Wajld Khan M AJmal S Mursildharan 
S V Iyer Qr Corros J 32(1997) p 72 
P LI T C Tan J Y Lee Corrosion 53 (1997) p 106 
22 
23 
24 
25 
2() 
27 
28 
29 
30 
CORROSION—Vol 58, No 3 20 
64 CORROSION SC i ^NuE S E L , 
A Study of Some New Acidizing Inhibitors 
on Corrosion of N-80 Alloy 
in 15% Boiling Hydrochloric Acid 
MA Quraishi 'N Sardar, andH Ah" 
ABSTRACT 
Three new organic inhibitors, namely, dicmnamylidene ac 
etone (DCA) disalicyhdene acetone (DSAj. and diuanilhdene 
acetone fDVAJ ujere synthesized in. the laboratory and their 
inhibiting action was studied on corrosion ofN-60 alloy in 
boiiing hydrochloric acid (HCV by the weight loss method 
DSA exhibited the best performance, giving an inhibition 
efficiency of 98 7% Potentiodynamic polanzatton studies 
revealed that all three organic compounds were mixed type 
inhibitors The adsorption of all three compounds on N 80 
alloy followed Temkm's adsorption isotherm. All three mhibi 
tors exhibited synergistic effects with the addition ofpotas 
Slum iodide (Klj Effect of immersion time was also studied 
for 24 h. 
KEY WORDS acidizing inhibitor hydrochloric acid N 80 
alloy potentiodynamic polanzation 
INTRODUCTION 
Acidization of petroleum oil wells Is one of the impor 
taut st imulation techniques for e n h a n c i n g oil produc-
tion It is commonly brought about by forcing 15% to 
28% hydrochloric acid (HCl) as a so lut ion into the well 
to open up near-bore channe l s in the formation a n d 
hence tr i n c r e a s e the flow of oil To reduce the ag 
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gressive attack of the acid on tubing and cas ing mate 
nals . Inhibitors are added to the acid so lut ion dur ing 
the acidifying process ' 
Effective acidizing inhibitors that u s u a l l y are 
found in commercial formulat ions are ace ty len ic 
alcohol, a lkenylphenones , aromatic a l d e h y d e s , nitro 
gen-containing heterocyclics quaternary sa l t s , a n d 
condensat ion products of carbonyls and a m i n e s ^ ^ 
Among the various c o m p o u n d s avai lable ace tv 
lemc alcohols a i e u s e d widely a s acidiz ing inhibi tors 
because of their commercial viability a n d effective 
n e s s However, these inhibitors suffer from draw 
backs they are effective only at high c o n c e n t r a t i o n s 
they are extremely toxic in their own right c a u s i n g 
handling and waste d isposal problems a n d they 
produce toxic vapors under acidizing p r o c e s s 
conditions * 
In view of the d i sadvantages of acety len ic 
alcohols, there is a need for the deve lopment of new 
acidizing inhibitors In cont inuat ion of the work on 
the development of acidizing inhibitors ^ '^  the influ 
ence of three new inhibitors o n the c o r r o s i o n of N 8 0 
steel in 15% boiling HCl w a s s tudied The investi 
gated compounds were d icmnamyl idene a c e t o n e 
(DCA) d i sa l i cyhdene a c e t o n e (DSA) a n d divanil l idt^nt 
ace tone (DVA) 
EXPERIMENTAL PROCEDURES 
Weight Loss Measurements 
E x p e r i m e n t s were e a r n e d o u t u s i n g oil ue l i st L 
( \ 80) The N 80 sleel s p e c i m e n w a s 2 0 b \ I 0 b\ 
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TABLE 1 
Structure of the Compounds Used as Inhibitors 
Name 
of the Inhibitor 
Structure 
of Inhibitor Appearance 
Melting 
Point 
Disalicylibene 
acetone (DSA) 
Dicinnamylidene 
acetone (DCA) 
O 
OH OH 
^ 
Yellow crystals 
Deep brown crystals 
lOS^C 
HS-'C 
Divanillidene 
acetone (DVA) 
H3CO, OCH, Reddish brown crystals SS'C 
0 7 cm (0 788 by 0 394 by 0 275 in ). having a com-
position descnbed elsewhere '* Expenments were 
performed in a 500 mL. three-neck, round-bottom 
flask fitted with a condenser at 105 ± 2°C according 
to ASTM Gl-72 '* 
Electrochemical Studies 
For potentiodynamic polarijsation studies. N-80 
steel in Araldite' with an exposed area of 1 cm' 
(0 16 in ') was used The expenments were earned 
out at 40 ± 2°C according to ASTM G3-74 and G5-
87 " Potentiodynamic polanzation studies were ear-
ned out using an EG&G Pnnceton Applied Research 
(PAR) model 173' potentiostat/galvanostat, a model 
175'. universal programmer, and a model RE0089' 
X-Y recorder, at a scan rate of 1 mV/s at open-circuit 
potential (OCP) Polarization curves were obtained 
after immersion of the electrode in the solution for 
0 5 h until reaching steady state A platinum foil was 
used as an auxiliary electrode, and a saturated 
ralomel electrode (SCE) was used as a reference elec 
trode Analytical reagent (AR) grade HCl (Merck') and 
double-distiUed water were used for prepanng test 
solutions of 15% HCl for all the expenments 
The three compounds namely, DCA DSA and 
DVA were synthesized in a laboratory by a known 
method '^The equimolar solutions of acetone 
(CH3CCCH3) and aldehydes in ethanol (C2H5OH) and 
10% sodium hydroxide (NaOH) were stirred for 1 h 
These solid products thus obtained were filtered 
punfied by crystallization from ethanol and charac 
tenzed by their melting points The structures of the 
compounds are given m Table 1 
' IT Kit n nu 
RESULTS AND DISCUSSION 
Weight Loss Measurements 
Table 2 gives the values of inhibitor efficiency 
(IE) and corrosion rate (CR) obtained from weight loss 
measurements for different concentrat ions of the in-
hibitors in 15% HCl for 0 5 h at 105 ± 2*'C From the 
calculated weight loss values, the percentage of IE 
was calculated using the following equation-
Weight loss in presence of inhibitor 
Weight )oss m absence of inhibitor (1) 
Table 2 shows that all compounds inhibited the 
corrosion of N 80 alloy in 15% HCl at all concentra-
tions used for the study up to a certain extent How-
ever, the maximum efficiency obtained with DCA was 
96% at 3.000 ppm and with DSA 98 7% at 4.000 ppm 
Beyond these concentrations, efficiency with these 
inhibitors was decreased, which may be a t tnbu ted to 
the desorption of inhibitors from the metal surface 
DVA exhibited maximum inhibition efficiency of 
29 8% at 5 000 ppm With the exception of DVA. all 
of the compounds studied exhibited excellent perfor-
mance as inhibitors of the corrosion of N-80 in boil 
ing 15% HCl The excellent performance of the two 
inhibitors namely, DSA and DCA. is a t tnbutab le to 
the presence of the electron releasing group -OH and 
7t electrons in DSA and the prfsence of extensively 
delocahzed n electrons m DCA, which favored greater 
adsorption of these compounds onto the metal sur 
face The lower efficiency of DVA (29 8%) compared 
with other compounds may by a t tnbuted to the on 
f ntatioil ot the OH and-OCH , groups which pre 
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T A B L E 2 
Corrosion Parameters (Obtained from Weight Loss Studies) 
for N 80 in 15% HCI in the Absence and Presence of Synthesized Inhibitors 
System 
Weight Loss 
(g) 
IE 
(% $) 
Corrosion Rate 
(mmpy) 
Blank (15% HCI) 
DCA 
1,000 ppm 
2,000 ppm 
3 000 ppm 
4 000 ppm 
5 000 ppm 
DSA 
1 000 ppm 
2 000 ppm 
3 000 ppm 
4,000 ppm 
5,000 ppm 
DVA 
1,000 ppm 
2 000 ppm 
3,000 ppm 
4,000 ppm 
5,000 ppm 
1 9347 
0 7322 
0 2565 
0 0774 
0 1010 
0 1606 
0 4635 
0 1832 
0 0601 
0 0243 
0 0433 
1 6560 
1 4680 
1 3633 
1 3813 
1 3581 
62 15 
86 74 
96 00 
94 78 
91 70 
76 04 
90 53 
96 89 
98 74 
97 80 
14 40 
24 12 
29 53 
28 60 
29 80 
2 874 97 
1 088 05 
381 16 
115 02 
150 08 
238 65 
688 76 
272 24 
89 31 
36 12 
64 34 
2 460 8 
2 181 45 
2 025 87 
2 052 62 
2018 14 
vent flat orientation of the DVA molecule on the 
metal surface, thereby resulting in lower coverage of 
the metal surface. A similar explanation was given by 
Rengamani, et al , concernmg the discrepancy ir> the 
order of IE for isomers of anisidines. while studying 
the influence of anions on the performance of 
anisidines as inhibitors of mild steel corrosion in 
acidic solution " 
Effect of Intensifier 
Table 3 gives the values of inhibition efficiency 
for a specific concentration (1,000 ppm) of inhibitors 
in the presence of potassium iodide (KJ) It was ob-
served that the inhibition efficiency of DCA increased 
by 30%. DSA by 22%. and DVA by 8% with the addi-
tion of KJ as a result of synergism, in which 1 ions 
initially were chemisorbed strongly on the metal sur-
face The protonated inhibitors then were adsorbed 
by coulombic attraction on the metal surface This 
increased the surface coverage (6) which enhanced 
IE Similar synergistic effects have been reported 
with KI in acid media '° 
Effect of Immersion Time 
Tablr 4 shows the effect of immersion time on 
inhibition efficiency of three inhibitors at 500 ppm at 
40 ± 2°C Figure 1 shows that the inhibition effi-
ciency of these compounds did not vary much with 
time This shows the stability (effectiveness) of inhibi 
tors for a longer duration Among the three com 
pounds IE was found to decrease in the following 
order DSA > DCA > DVA, 
TABLE 3 
Inhibition Efficiency of Synthesized Inhibitors 
on N-80 in the Absence and Presence of KI 
Inhibitor 
DCA 
DSA 
DVA 
Inhibitor 
Concentration 
(ppm) 
1,000 
1 000 
1 000 
1,000 
1,000 
1 000 
KI 
Concentration 
(ppm) 
1 000 
1 000 
— 
1 000 
IE 
(%) 
62 15 
92 9 
76 04 
97 72 
144 
21 87 
Values of free energy of adsorption at lOS^C were 
calculated from the following equation 
AG d^3 = RT in (55 5K) (2) 
and K is given by 
K = 0 / c ( l - G ) [i] 
where 6 is degree of coverage on the metal surface 
C is the concentration of inhibitor in mole/L and 
K is the equilibnum constant The values of free en 
ergy of adsorption (AG,^J are given m Table 5 The 
low and negative values of AG,ds for DVA indicated 
the spontaneous and phvbical adsoriDtion of this m 
hibitor on the metal sui f ice Ihe hii^h n( 4Tti\e vahi< 
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Time 
(h) 
1/2 
3 
6 
12 
18 
24 
Blank 
OR 
(mmpy) 
60 26 
56 98 
31 09 
18 70 
14 24 
11 78 
IE 
(%) 
38 88 
38 75 
38 72 
38 7 
38 19 
37 42 
TABLE 4 
Eflecl of Immersion Time 
DCA 
OR 
(mmpy) 
187 08 
34 89 
19 04 
11 46 
8 80 
7 37 
DSA 
IE 
(%) 
55 0 
54 36 
53 98 
54 89 
52 74 
52 1 
OR 
(mmpy) 
137 75 
26 00 
14 31 
8 44 
6 732 
5 64 
DVA 
IE 
(%) 
32 56 
32 20 
32 22 
32 01 
31 54 
30 27 
OR 
(mmpy) 
206 55 
38 63 
21 07 
1271 
9 75 
8 18 
80 
60 
ACl 
20 -
^ 
— • c 
6 12 18 24 
Time (h) 
FIGURE 1. Inhibition elficiency vs time plot lor N-80 steel in 15% 
HCI in the presence of inhibitors. 
TABLE 5 
AG«« for N-80 Steel in 15% HCI at 105 ± 2°C 
System 
-AG^ 
(Kcal/mol) 
15% HCI 
DCA 
DSA 
DVA 
10 56 
11.27 
7 94 
(>10 Kcal/mol) of AG.^, for DCA and DSA suggested 
chemisorption of Inhibitor molecules on the N-80 
steel sur face ." 
Adsorption Isotherms 
Surface coverage (9) values were obtained from 
weight loss measurements for different concentra-
tions of various inhibitors using the following 
equation: 
1 = 1 -
Weight loss in presence of inhibitor 
Weight loss in absence of inhibitor (4) 
It can be seen from Figure 2 that a plot of 9 vs log 
concentration gives a straight line, suggesting that 
the adsorption of all three Inhibitors at the N-80 
steef/acidic soiution interface obeys Temkm's ad-
sorption isotherm 
Electrochemical Studies 
Potentiodynamic anodic and cathodic polariza-
tion scans were carried out at 40 ± 2°C in 15% HCI 
with a fixed concentration of 500 ppm for all the in-
hibitors. The vanous electrochemical parameters 
calculated from Tafcl plots are given in Table 6. 
It can be seen from Table 6 (hat corrosion cur-
rent density (1^ „„) values for DCA and DSA decreased 
significantly in the presence of the inhibitors. These 
observations indicate that the two compounds syn-
thesized are effective inhibitors for the corrosion of 
N-80 steel. The corrosion potential ['£•„„) values for 
all three compounds were slightly shifted in the pres-
ence of the inhibitors. The anodic and cathodic 
Tafel's constant values (ba and be. respectively) for 
N-80 in 15% HCI and in the presence of inhibitors 
did not show significant change: both observations 
suggested that inhibitors are mixed-type inhibitors. 
Figure 3 shows the polarization behavior of N-80 
steel in 15% HCI in the absence and presence of a 
500-ppm concentration of various inhibitors. 
Mechanism of Corrosion Inhibition 
A plausible mechanism of corrosion inhibition of 
N-80 steel in 15% HCI may be deduced on the basis 
of adsorption. In acidic solutions, the compounds in-
vestigated can exist as protonated species. These 
protonated species may be adsorbed on the cathodic 
sites of the steel and reduce the evolution of hydro-
gen. The adsorption of these compounds at anodic 
sites of steel through lone pairs of electrons and 
through 7t-electrons present in these molecules may 
decrease the anodic dissoluuon of steel. The AG.j, 
values for DCA. DSA. and DVA support the fact that 
DSA and DCA are chemisorbed and DVA adsorbs 
physically on the N-80 steel surface. 
CONCLUSIONS 
•;• Among the three investigated compounds, namely. 
DCA. DSA. and DVA. DCA and DSA were found to be 
effective inhibitors of N-80 in 15% HCI in boiling con-
ditions. 
•:• It was observed that DSA gave the highest inhibi-
tion efficiency at 96% at 3,000 ppni The inhibition 
520 CORROSION—APRIL 2002 
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TABLE 6 
Corrosion Parameters (Obtained from Electrociiemical Studies) 
lor N-BO in 15% HCI in the Absence and Presence of Synthesized Inhibitors at 40 ± 2°C 
System 
15% blank 
DCA 
DSA 
DVA 
'-con 
-548 
-562 
-568 
-562 
be 
(mV) 
ba 
(mV) 
' cOTT 
(mAVcm'; 
110 
120 
120 
120 
70 
70 
70 
70 
0.47 
0.14 
0.11 
0.34 
IE 
(%) 
70.2 
76.6 
27.7 
1.0 
0.8 
0.6 
0.4 
0.2 
ziiy III---^^^ 
JQ"'"'^ 
^fj 1 
O DCA 
• DSA 
A DVA 
1 1 1 
3.0 3.1 3.3 3.5 
LogC-» 
3.7 
Fl G U R E 2. Temkin 's adsorption isotherm for different concentrations 
of intiibitors on N-80 steel in 15% HCI. 
-^00 
o 
> 
£ - 5 0 0 
75 
Q) 
o --€00 
Q. 
-700 
A: Blank (15% HCI) 
. B: 15% HCI + DCA 
1 C; 15%HC( + 0VA 
D; 15% HCI + DSA 
.y^\^^^^^ 
> B ^ ^ 
0.01 0.1 10 10.0 
Current Density (piA/cm^) 
FIGURE 3. Potentiodynamic polarization curves for N-80 steel in 
15% HCI in the presence and absence of optimum concentration of 
inhibitors. 
efficiency obtained by DCA was 98.7% at 4,000 ppm. 
and DVA was 30% at 5.000 ppm. The inhibition effi-
ciency values of the examined inhibitors follows the 
following order: DSA > DCA > DVA. 
• These compounds were found to exhibit a mixed-
type mechanism. 
•:• These compounds reduced the corrosion by 
adsorbing onto the metal surface. DCA and DSA ad-
sorb chemically while DVA adsorbs physically. 
•> These compounds represent a possible alternative 
to using proporgyl alcohol, since they are solid com-
pounds and do not produce toxic vapors under 
acidizing conditions. 
<• The inhibition efficiency of these compounds did 
not vary with time, thus showing the stability of in-
hibitors for longer duration. 
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Corrosion inhibition of carbon steel in 
hydrochloric acid by organic compounds 
containing heteroatoms 
M.ATHAR 
H. ALI 
M. A. QURAISHI 
Three organic iiilnhitors containing heteroatoms namely undecenoic acid hydrazide 
(UAH). 2-mercapiohenzolhia:ole (MBT). and 2-hydrazmohenzolhiazok (HBT) hacc 
been synthesised in the tab and their inhibiting action on the corrosion of carbon steel in IN 
HCl was investigated by means of two different techniques, namely Height loss and potent-
lodynamic studies The weight loss studies were conducted m IM HCl al different temper-
atures (30, 45, and 60'C) using various concentrations (25-500 ppin) of the inhibitor, and 
the inhibitor with the highest efficiency (HBT) was also tested for different immersion times 
(1/2, 3, 6, and 24 h) at the optimum concentration (500 ppm) at room temperature (30''C) 
The results show that the inhibitor efficiency increases with increased temperature, from 
room temperature (iO'Cj to 60'C at the most effective concentration (500 ppm) Inhibitor 
efficiency (IE) also increases with increase in the inhibitor concentration from 25 to 
500 ppm at a given temperature and time The effect of immersion time on the inhibition 
efficiency (IE) for HBTwas also studied, and the results show that the inhibition efficiency 
(IE) increases with immersion time. The potentiodynamic polarisation studies revealed that 
UAH IS a mixed type of inhibitor whereas MBT and HBT are predominantly anodic 
inhibitors The adsorption of these inhibitors on the metal surface obeys the Temkm 
adsorption isotherm BCJ/I796 
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Applied Chemistry, Faculty of Engineering and Technology, Aligarh Muslim University 
Aligarh 202002, India Manuscript received 5 November 1999, accepted 28 January 2002 
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IIMTRODUCnON 
Corrosion has always been one of the major problems in 
petroleum refineries and in petrochemical plants, varying 
widely with different processes, and depending on the 
nature of the constituents in the process streams and the 
operatmg process conditions 
In petrochemical plants corrosion creates severe problems 
in processes such as butane isomerisation, ethylbenzene 
production, and polybutene production, etc. In these 
processes, aluminium chloride and other metal chlorides 
are used as a catalyst. These catalysts hydrolise to 
hydrochloric acid (HCl) if traces of water enter with the 
feed stocks, resulting in chloride corrosion in the overhead 
systems of downstream fractionators. 
Corrosion due to hydrochloric acid in crude and vacuum 
units represents a significant portion of the refining cost as 
a result of lost production, inefficient operation, and high 
maintenance and corrosion control chemical costs In these 
units It comes primaril) from chlorides. Chloride corrosion 
IS caused by hydrogen chloride, which is formed from 
hydrolysis of the chloride salts contained in the crude 
These inorganic salts are present in crude oil from produced 
formation water or from contamination by sea water during 
shipping, le tanker ballast water The majority of chloride 
salts present are magnesium, calcium, and sodium salts 
Sodium chloride is thermally and hydrolytically stable to 
~427°C and does not significantly contribute to the 
hydrogen chloride release Howe\er, hydrolysis of calcium 
chloride and magnesium chloride is sigiiificanl and begins 
al -^120 0 and accelerates al temperatures above 
176-204 C The released hydrogen chloride is relalnely 
non-corrosi\e in ihe \apour phase However, below the 
dew poinl of ualcr, ludrogen chloride forms an acidic 
solulion and become \ery coirosue lo man> common 
sli ucUiral nialcrials 
One mclliod of conibaliiig chloiidc coirosion is lo 
.ippioicli II sliiclh lioni >i mncii i l of consliuclion poinl 
of view. However, this approach is very situation specific 
and may be prohibitively costly. Also, the presence of other 
corrosive contaminants may render some of these materials 
unsuitable An alternative more cost effective method can 
be the use of corrosion inhibitor with less expensive 
material of construction. 
Organic corrosion inhibitors have been added to the 
overhead vapour stream of most, if not all, crude distillation 
towers to protect overhead condensers and coolers, reflux 
drains, and associated piping from excessive corrosion ' ^ 
Overhead condensing systems of the crude and vacuum 
distillation towers are generally made from carbon steel 
Nitrogen compounds such as quaternary ammonium 
compounds, amines, amide salts, and heterocyclic com-
pounds are well known corrosion inhibitors used for crude 
oil distillation units'"' In continuation of work on the 
development of acid corrosion inhibitors,*"'" the authors 
have undertaken the present work with the following 
objectives 
(i) to study the corrosion inhibition action of three 
organic compounds containing heteroatoms 
namely undecenoic acid hydrazide (UAH), 
2-mercaptobenzothiazole (MBT), and 
2-hydrazinobenzothiazole (HBT) on carbon steel m 
HCl solution 
(ii) to study the inhibition action at different iminersion 
times and temperatures 
(ill) 10 study the influence of molecular slruclure on 
inhibitor performance 
EXPERIMENTAL 
Materials 
Carbon sled coupons weie used foi the evpeiimcnta! woil-
for the wcighl loss incasuicnicnls carbon slecl coupon^ 
wcic picpncd with (jimc!i\ioii\ of 4 x i •> '.OTciu 1 he 
s ime slcel willi an exposed sin f ice are i of I cm' was used 
in ihc polcnliod\n inuc polirisilion sliidics A solution of 
1179 CD0705902225002376 Brmsli Corrosion Jounnl 2002 Vol 37 No 2 15" 
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Table 1 C o r r o s i o n p a r a m e t e r s o b t a i n e d f r o m w e i g h t loss data for ca rbon steel m I M HCI in absence and 
p resence of s y n t h e s i s e d i nh i b i t o r s for 3 h* 
Systenn 
IM HCI 
25ppm UAH 
50 ppm UAH 
100 ppm UAH 
200 ppm VAH 
300 ppm UAH 
400 ppm UAH 
500 ppm UAH 
25 ppm MBT 
50 ppm MBT 
100 ppm MBT 
200 ppm MBT 
300 ppm MBT 
400 ppm MBT 
500 ppm MBT 
25ppm HBT 
50 ppm HBT 
100 ppm HBT 
200 ppm HBT 
300 ppm HBT 
400 ppm HBT 
500 ppm HBT 
Corrosion rate, mm year 
30 C 
6 16 
5 52 
4 56 
3 60 
2 88 
2 20 
1 96 
169 
2-70 
2 09 
1-53 
1 08 
0 64 
0 50 
0-49 
2 51 
188 
1 22 
0 88 
0 44 
0 36 
0-27 
45 C 
19 19 
3 27 
2 69 
1 69 
0 W 
0 09 
1 02 
0 91 
2 03 
1 33 
0 67 
0 64 
0 66 
0 66 
0 66 
137 
1 19 
2 57 
0-72 
0 56 
0 57 
0 56 
60°C 
66 38 
29 09 
20 97 
n 55 
4 03 
3 06 
2 58 
2 36 
27 07 
20 02 
1593 
7 96 
2 11 
1 82 
1 25 
25-10 
19 86 
14 03 
8 48 
4-16 
102 
1 02 
Inhibitor efficiency, % 
30 C 
10 44 
41 52 
53 04 
64 34 
68 12 
72 60 
56 96 
66 09 
75 22 
82-52 
89 56 
91 81 
92 01 
59 32 
69 51 
80-09 
85 65 
92 86 
94 08 
95 56 
45 C 
82 95 
91 19 
94 83 
95 11 
95 25 
95 25 
89 52 
93 01 
96 51 
96 55 
96 56 
96 53 
96 54 
92 82 
93 85 
95 39 
96 23 
97 07 
97 02 
97 07 
60 C 
55 60 
hS ',2 
82 61 
93 94 
95 39 
96 12 
96 44 
59 02 
69 81 
79 02 
88 01 
96 85 
97 25 
98 10 
62 03 
69 95 
78 88 
87 23 
93 73 
98 46 
98 46 
•UAH undecenoic acid hydrazide; MBT 2-merc3ptoben?othia2ole; HBT 2-hydrazinobenzothi3zole. 
IM HCI was prepared and used in ihe experimental 
investigation. Doubly distilled water was used to prepare 
all the solutions. Two organic compounds, namely UAH 
(mp = 97°C) and HBT (mp=194°C) were synlhesised in 
the laboratory following established practice," using ace-
lone as the solvent for the synthesised inhibitors, and MBT 
was commercially available. All three compounds were 
tested as corrosion inhibitors for carbon steel in IM 
HCI solution. 
For the electrochemical studies, the carbon steel elec-
trodes were polished wuh emery paper of 1/0, 2/0, 3/0, 
and 4/0 grades and degreased with Irichlorethylene. 
Potentiodynamic polarisation studies were carried out at 
ambient temperature using an EG&G PARC model 173 
potentiosiat-galvanostat, a model 175 universal program-
mer, and a model RE 0089 X-Y recorder. Platinum foil of 
size 3 X 3 cm was used as the auxiliary electrode, and a 
saturated calomel electrode (SCE) as the reference electrode. 
Procedure 
Weigh! loss measurements were conducted in accordance 
with the procedure outlined in ASTM G3l-72.'^ To begin 
with, all three inhibitors were tested at a range of 
concentrations between 25 and 500 ppm [see Table I) in a 
water bath at three difTerent temperatures (30, 45, and 
60°C). The volume of acid used was 20 mL cm"^ of metal, 
as specified in the ASTM standard. The inhibitor with the 
highest efficiency was then tested at ambient temperature 
(30°C) over a wider range of immersion times (1/2, 3, 6, 
and 24 b) at the most efTeclive concentration used (500 ppm) 
(Table 2). 
Table 2 Corrosion parameters obtained f rom 
we igh t loss data for carbon steel in 
I M HCI in absence and presence of 
2-hydrazinobenzothia2ole (HBT) at 30*C 
for 500 p p m at different immersion t imes 
System 
IM HCI 
1MHC/ + HBT 
I M HCI 
IM HCI + HBT 
IM HCI 
I M HCI + HBT 
IM HCI 
IM HCI 4 HBT 
Time, 
h 
05 
05 
3 
3 
6 
6 
24 
24 
Inhibitor 
efficiency, % 
95 10 
95 55 
96 12 
99 46 
Corrosion rate. 
mm year"' 
2 09 
0 10 
616 
0 27 
8 44 
0 65 
34 49 
0 18 
RESULTS AND DISCUSSION 
Table I summarises the inhibitor efficiency values deter-
mined using weight loss measurements. This shows that 
the inhibitor efficiencies increase with increasing concen-
tration over the range 25 to 500 ppm at a given temperature 
For the most effective inhibitor concentration used 
(500 ppm) the inhibitor efficiency also increased with 
increasing temperature over the range SO-eO'C. 
The effectiveness of an organic compound as a corrosion 
inhibitor depends on its structure, and principally on the 
number of heteroatoms present in Ihe inhibitor molecule 
The compound UAH (CnHj^ON,) contains three het-
eroatoms (two nitrogen and one oxygen) as reactive centres 
It adsorbs on the metal surface through the interaction of 
lone pairs of electrons of the one oxygen and two nitrogen 
atoms present in the molecule, giving an inhibitor efficiency 
value of 96 44% at 60°C at a concentration of 500 ppm 
The compound MBT (C-H5S2N) contains two sulphur 
atoms and one nitrogen atom as reactive centres and again 
adsorption involves the lone electrons of these atoms 
However, MBT can also interact through the eight n 
electrons of the benzolhiazole ring, giving a higher inhibitor 
efficiency of 98 10% at 60 C for a concentration of 500 ppm 
The compound HBT ^C^y\^7<I^S} h.is four heteroatoms ,ii 
reactive centres as well as the eight rt electrons of the 
benzolhiazole ring In addition, it adsorbs as a prolonated 
species so it exhibits the highest inhibitor efficiency of 
98 46% at 60 C .ind SOOppni" 
The ellecl of iiiinicision iniic on inhibition clliciency is 
illustr.ited in f.iblc 2 it is CNKlcnt from the t.ibic that 
British Corrosion Jo i i rn I 2002 Vol 37 No 2 
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10 ' 10 ' 10° '0' 
Current density ImA cm"' l 
(1) no inhibitor; (21 undecenoic acid hydrazide; 
(31 2-mercaptoben20thiazole, (41 2-hvdrajinoben20thiazole 
1 Potentiodynamic polarisation curves for carbon steel in 1M 
HCI with and without inhibitors 
inhibilor efficiency increases with immersion time. The 
increase of inhibitor efficiency with time may be attributed 
to the formation of a barrier film, which prevents attack of 
the metal surface by acid. The maximum inhibitor efficiency 
of 99-46% was obtained for 24 h at 30°C and the maximum 
concentration of 500 ppm for HBT. 
The potentiodynamic polarisation curves of ail the three 
inhibitors have been plotted at room temperature for the 
most effective concentration (500 ppm) in IM HCI and are 
shown in Fig. 1. The electrochemical corrosion parameters 
obtained from the polarisation curves are given in Table 3. 
It can be seen from Table 3 that £„„ does not shift 
significantly in the presence of UAH, indicating that the 
inhibitor is of the mixed type, i.e. it inhibits both anodic 
and cathodic reactions. However, in the case of other two 
inhibitors, the values of £c„„ suggest that they are 
predominantly inhibitors of the anodic type. 
That adsorption of the inhibitor molecules on the metal 
surface is responsible for their inhibiting effect finds further 
support from the fact that all of the inhibitors follow 
Temkin adsorption isotherm, as shown in Fig. 2. 
CONCLUSIONS 
1. All three inhibitors evaluated in this study of the 
inhibition of corrosion of carbon steel in IN hydrochloric 
acid, namely UAH, MBT, and HBT at temperatures in the 
range 30-60'C. 
2. For al! of the inhibitors, the inhibition efficiency was 
found to increase with increasing concentration. 
3. The efficiency of all the inhibitors was found to 
increase with rise in temperature at maximum 
concentration. 
Table 3 PotentiodynaiTiic polarisation parameters 
for corrosion of carbon steel in I M HCI in 
presence and absence of inhibitors at 
most effective concentrat ion (500 ppm) at 
ambient temperature* 
System mV(SCE) 
' cor , . 
(lA c m " 
IE, 
% 
I M HCI 
UAH 
MBT 
HBT 
- 4 1 2 
- 4 1 3 
- 3 7 4 
- 3 8 0 
27 
18 
17 
66 25 
77-5 
78 75 
* UAH undGCcnoir acid hydrazidc, 
2 merLapIobpnzolh ia^olo HBT 2 hydraz inobenzolh iazo le 
OBO 
o 0 5 0 
0.1^0 
0.20 
1.1 1.5 19 23 
log C(ppm) 
09S 
030 
0 8 5 -
! S 3 0 
06 
0 sir 
0 
(c) 
MBT 
l i 2 0 
loq C 
a 30 C. b 45 C, c 60 C (11 undfccnoic 
(2) 2 mercaptobenzothiazole (3 2 hydrdzmobenzc 
Temkin adsorption isotherm plots for d 
[rations of inhibitors on carbon s'ee' in JAJ 
temperaturc'i 
acid hydra: 
'hiazoie 
fferent conCi 
HCi at diffe'. 
B n l c h C<: ;7 f. 
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4 I he i i i l u b i t i o n cHic ic i icy o f H B l i iKrc- iscd w i l l i 
in( .n. , iMi ig r i nn i c i s i o i i ( in ic 
5 T h e i n h i b i l i o n e lhc iency was f o u n d l o depend on the 
m o l e c u l a r s t ruc tu re o f the i n h i b i t o r 
6 T h e c o m p o u n d U A H e x h i b i t e d m i x e d I j p e behav iou r 
wh i l e M B T a n d H B T showed p r e d o m i n a n l l y anod ic 
b e l i a \ i o u r 
7 A l l the i n h i b i t o r s were f o u n d to i n h i b i t c o r r o s i o n by 
An a d s o r p t i o n mechan i sm a n d were f ound to f o l l o w the 
T e n , k m a d s o r p t i o n i so the rm 
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iGiiliical Treatment 
Development and 
Testing of Organic 
Inliibitors for 
Industrial Cleaning 
Applications 
M . A . QuRAisiii AND D A N I S H J/VAL\L, -Hi^^tnh \iii^iii,i (inu-i^n 
This article discusses the effectiveness of three 
new organic inhibitors—1-cinnamaldehyde 
thiosemicarbazone (CTS), 1-benzaldehyde 
thiosemicarbazone (6TS), and 2-4, dicinnamyldene 
aminophenylene (DCAP)—-in controlling the corrosion of 
carbon steel in hydrochloric acid (HCI) solution at 60°C. 
CTS, BTS, and DCAP were compared with a standard 
commercial corrosion inhibitor. Laboratory tests revealed 
that corrosion protection values of the synthesized 
compounds were higher than those of the commerical 
inhibitor. 
lieniic.il cleaning is one of 
' the most inipon.int tech-
niques used to dissolve 
and remo\e fouling de-
posits from industrial 
cquij^iment such as heat 
j . ^ , " ' extliangcrs boilers and 
piping It impro\es the operation of 
the process and reduces premature fail 
ure of the process luius ( hcmical 
cleaning operations are usualh earned 
OLi! in inhibited T to 10 li\ilioehloiic 
acid (lie 1) al 50 lo S0°( 
Manv different chemicals have been 
proposed bv Cuek ' and Frcnier' as 
corrosion inhibitors for HCi solutions 
Saukaitis, ' Gardner ' Mansfield, ^ and 
Munroe'' ha\e proposed using Mannich 
bases in commercial corrosion inhibi 
tor formulations However, these com 
pounds contain toxic formaldeh\de 
(HC HO) Using them as corrosion in 
hibitors IS unsafe from a health stand 
point 
Acet\lenic alcohols' such as pro 
pargyl alcohol (HCCCH ,OH), hex\'nol 
or etin 1 oct\ nol are also (ound in com 
mercial acid inhibitor formulations be 
cause ot ilieir liigh corrosion-inliibiting 
propert ies—even at t empera tu res 
>1()0°C These compounds however 
are also toxic to mammals Frenier"' 
has dc\ eloped less-toxic corrosion in 
hibitor (ormulations that contain a, P 
unsaturated aldeli)des In light of strict 
enMronmenial legislation developing 
Icss-toxic, green" inhibitors is now a 
necessit\ 
In this investigation, the authors 
s\ nthesized three condensation prod-
ucts using a combina t ion of cin 
nama ldeh \de and benya ldch^de 
(QH^CHO) as one of the reactants, 
these cliemicals are reportedly less 
toxic than those used in commercial 
inhibitors The products l<innamalde 
h\de thiosemicarbazone (CTb) 1-ben 
/aldelnde thiosemicarbazone (BTS) 
and 2--4, dicinnani) l edcne amino 
phen\lenc (DCAP) were examined to 
test their inhibiti\e action for carbon 
steel (CS) m I K.I at 6()°C The authors 
also compared the s\ nthetic inhibitors 
performance with that of a eomnier 
cial corrosion inhibitor (CI) 
Experimental Procedures 
I igurc 1 shows the inhibitors tliat 
were s\nthesi/ed 
SYNTHESIS o r BIS AND CTS 
I he condensa t ion p r o d u c t s ot 
aldehydes and thiosemicarba/Kle 
(NH CSNHNII.) nimeh CIS and Bis 
\\ ere prep ire el b\ reduxin^ ecjiiimol ii 
ritios ol e leli thiose nue ii li i/icle .im' 
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F CURE 1 
7^ 
respeLtive aromatic aldclndcs in etha-
nol (C H,OH) for ~ 1 li in the presence 
of one drop of coneentritcd llCl as i 
catalyst Plie product w is \v islied sue 
ccssively with water followed b\ ether 
and finally, recr)stalli/ed from eiha 
nol Characterization dat i of the com 
pounds are as follows 
• BIS mp=l tO lHl°( R, \ ilue 
( b e n / c n e | r , H J e i h \ l leet ite 
|CH,COOC HJ 10 1)=()^9 infra 
red (IR) spectral dat i (si^mdcant 
bands v ^ , m cm ' (potassium bro-
mide (KBr)l)=-^ ^90 (\ ' - l l) 1 S92 
(r=N) 1 520 (( -S) I )55 phcn\l 
(C,M,) 
• CTS mp=) I^ I N'C R, \aliie 
(ben/ene cth\ I acetate 10 1)=0~8 
IR spectral data (significant binds 
N„ ,^ in cm • lKBrl)=M^8 ( \ - H ) 
1 662(>C=C<), 1,59" (C=N) 1 5^2 
(C-S) 1,450 (C,H,) 
SYNTHESIS OF DCAP 
Cinnamaldehydc (2 0 \1) was added 
to 1 0 M warm p phenslencdiamine 
1C,H|(NH,),1 dropwise The reaction 
mixture was warmed in a water bath 
while shaking vigonnish The result 
ing solid was filtered and cnstallized 
from ethanol Character!/ ition d ita ot 
the compounds are as follows 
• DCAP mp=l4 ' '148°C R, % ilue 
(bcn/ene cth\i acetate 10 1)=0 "8 
IR spcctnil data (significant bmds 
\,^^ in cm ' (KBr|)=2 92S (C-H) 
1 628(>C=C<) 1 589 ((=N) 1 -iT 
(p-C,II,) 1 4-*8(C,H,) 
MATERIAL PREPARATION 
I he authors used (S (AIDI 1020) 
pieces (2 9 by 2 9 b\ 0 9 cm) for 
weight loss measurements For jioten 
tiod\namic studies the\ usedCSstnps 
coated with lacquer with in exposed 
1 cm ' Electrodes were polished with 
cmerv papers of 1/0 2/0 yo and -i/O 
grades and degreased with trichloro 
ethylene (CHCl CCl ) 
WEIGHT LOSS TESTS 
Ilie icid solutions (5 w/vv) w^rc 
prcpircd h) usmt; AKi;rictc (Merck ) 
NH -^C-NHN=CH-<HC=CH)„ 
-o 
BTS 
n=1 
n=0 
cy HC=CH-HC=N —4^ ,V— N=CH-HC=CH ^ 
DCAP 
Names and structures of U^ e inhibitors used 
tABLEl' -::;i%^^:ms^m-.r :^, k%ci. •'-
CORROSION PARAMETERS FOR MILD STEEL IN 5% HOP 
2 h 6h 
Concentration 
Ippm) 
5% HCl 
liTS/-)(X) 
rrs/s(K) 
IXAF/ilXJ 
C1/S0() 
Weigtit 
Loss (mg) 
1 U8« 
^ I 
28 
6 4 
14 5 
IE 
(%) 
— 
99 64 
99 75 
99 44 
98 68 
CR 
(mpy) 
9 OP 20 
« IS 
21 9S 
S()4 1 
119^2 
Weight 
Loss (mg) 
2 S(>()4 
10 5 
12 0 
N 6 
S5 2 
IE 
(%) 
— 
99 19 
Ws^ 
99 4 < 
98 55 
CR 
(mpy) 
6 699 08 
2^58 
1^ ^9 
4 04 
97 07 
•v^ — •i^-*.OC1V>"'^  ^i*C»Vi *>J. tJ l fc»C- r'.OfcJFWlJC.'KauW-SiJ-^-r^v^W 
' Mnthc absence and presence of 5(X) ppm-conccniraiion of vanoas inhibitors from \\ eight loss 
measurement"; ai 60°C 
HCl Double-distilled water was used 
to prepare the solutions Weight loss 
expenments were done according to 
ASr\l G^l ~2 '" CS coupons were im 
mersed in inhibited and uninhibited 
solutions for 2 and 6 h at 60°C A con 
centntion of 500 ppm each of synthe 
si/ed inhibitors and coniniercial inhibi 
tors u is chosen tor the study 
POTENTIODYNAMIC 
POLARIZATION TESTS 
HotentiO(J\ namic p o l a n 7 a t i o n 
tes ts were c t r r i e d out us ing a 
potcntiost it/gal\ inostat iinivers il 
i)roi;r imnier ind in \ Y recorder A 
p l i t inun i toil was used as the 
auxilliin electrode and a saturated 
calomel electrode (SCE) was used as 
the reference electrode All experi 
mcnts w ere carried out at a constant 
temper itiire (25 ± 1°C) U a scan rate 
of 1 n i \ / s it open circuit potenti il 
( 0 ( 1') 1 he pol iri/ation curves were 
obtained after immersion of the elec 
trode in the solution for 20 min until 
reaching a steady potential 
Results and Discussion 
WEIGHT LOSS STUDIES 
Table 1 gives the values of percent 
age inhibition efficiency (%IE) and cor 
rosion rate obtained from the weight 
loss method for three s\ nthesized com 
po'indsand i CI it T common concen 
trition of 500 ppni it 6o°C for 2 and 6 
h Figures 2 ind ^ show a comparison 
of the sjnthesi/cd compounds with 
the CI in 5 / HCl it 60°C The corro-
sion rate values of CS in 5 HCl in the 
presence of s\ nthesized inhibitors and 
CI are ranked is follows BTS (27 nipv 
[686 nm/yl) < C IS (^1 mp\ (787 urn/ 
\ i) < DCAP (-^8 mp\ (965 jimA ]) < CI 
(97mpv ( 2 ' i 6 i n m / \ l ) 
Table 1 shows t h u no nn rked 
chinne in " II occurictl with the in 
creise in the immersion time from 2 
to 6 h lliereforc ill the tested torn 
[IOUIKIS irc ( tfcc ti\ (, (oi 6 li 
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BTS ' CTS DCAP CI 5% HCI 
CTS BTS DCAP CI 5%HC» 
Effect of different inhibitors on the corrosion rate of CS in 5% HCI for a Effect of different inhibitors on the conrosion rate of CS in 5% HCI for a 
2-h immersion lime. 6-h immersion time. 
TABLE 2 riu^.- , ,r,i • •••'•i>:ii' rt^<gcani5f:<','3 
POTENTIODYNAMIC POLARIZATION PARAMETERS 
FOR CS IN 5% HCI<*' 
Concentration (ppm) E CmV vs SCE) I (mA/cm"') IE (%) 
'^ *^ cofT corf. 
i".. na 
l)TS/300 
a/500 
-382 
-378 
-378 
OH6 
0 036 
0 U 
— 
92 17 
69.57 
*--.iWC.'C*i=K».r - • 
"Coni.un.s 5(K)-ppni concentration of different inhibitors at r(K)m temperature 
POTENTIODYNAMIC 
POLARIZATION STUDIES 
Figure 4 shows the cathodic and 
anodic polarization curves of CS in 5% 
IlCl in the absence and presence of 
BTS and CI at a 500-ppm concentra-
tion at 25 ± r c . Table 2 lists various 
corrosion parameters such as corro-
sion current (1 ,^,„) and corrosion po-
icnti.il (1\,,^,). KcMilt.s reveal that the 
4 0 MATERIALS PERFORMANCE Ichuuin JOOJ 
presence of the inhibitors decreased 
I^  ,^  values. The maximum decrease in 
I^ „^  was observed in the case of BTS, 
suggesting that BTS is a more effective 
inhibitor for CS in 5% HCI than CI. It is 
also evident from the polarization 
studies that £^ ,,„ values do not signifi-
cantly change in the presence of the 
inhibitors, suggesting that all of these 
compounds are nii\ccl-t\pe inhibitors 
(i.e., they inhibit anodic as well as c.i 
thodic reactions) 
Mechanism of 
Corrosion Inhibition 
The inhibition of CS corrosion in 
HCI by the condensation product ot 
phenylene diamine and cinnamul-
dehyde can be explamed on the basis 
of adsorption. Tliey can adsorb onto 
the metal surface through p-electrons 
of the benzene ring and azomethinc 
(-C=N-) group as well as through a 
lone pair of electrons present on the 
nitrogen atoms. The condensation 
products of thiosemicarbazide and al 
dehydes (BTS and CTS) can adsorli 
through p-elcctrons, a lone pair of eic^ 
trons present on nitrogen and sultiii 
atoms, as well as through protonatcti 
species 
76 
FIGURE 4 
Conclusions 
The stiidv showed tli.it the s\nthe-
si?ed compounds arc cxcclicnt CIs All 
the s \n thes i / t d compounds — BTS, 
C rs , and DCAP—performed better 
than did the ( I tested The s^  nthesi7ed 
comi^ounds irc considered effective 
tor protecting ( S during industnal acid 
cleaning applications in 5% HCl 
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Abstract 
Three macrocyclic compounds, namely 2,3,9,10-tetramelhyl-6 n-dilhia-1,4,5.7,8,11,12,14-oclaaza-tycloteiradeca 1 '^  6 8 10 I ^ 
hexaene (MTAT) 3,4,9,10-tetramethyl-7,12-dithia-I,2,5,6 8 ll-hexaazacyclododecane-2,4.7,8.10,12-hexaene (MTAD) ^49 10!eira 
methy 1-7,12-dioxa-1,2,5,6,8,11 -hexaazacyclododecane-2,4,7 8.10.12-hexaene (MOAD) were synthesized lo study their corrosion inhibii i\ (. 
effect m 5 N HCI by weight loss and potentiodynamic polarization studies Inhibition efficiencies (IE) and corrosion rates (CR) of these 
compounds have been evaluated at three different temperatures ranging from 25 to 70 C Enhancement m IE of these compounds was 
observed on addition of potassium iodide (KI) due to synergism Potentiodynamic polanzation studies showed that MTAT is mixed in 
nature Adsorption studies have shown that all of these compounds inhibit corrosion of mild steel in 5 N HCI by adsorption mechanism 
© 2002 Elsevier Science B V All nghts reserved 
Krvwords Mild sleel Acid corrosion Synergism Poteniiodynamic polanzation Macrocyclics Adsorption 
1. Introduction 
During pickling of vanous metals hot acid solutions are 
used for removing mill scales (oxide scales) from the metal 
surface at elevated temperatures such as 60 "^ C m hydrochlo-
nc acid and up to 95 "C in sulphunc acid To minirmze 
the metal loss dunng this process vanous classes of com-
pounds such as acetylenic alcohols, indoles, benzothiazoles, 
thiourea denvatives and dithiazones, etc are widely used as 
corrosion inhibitors [1-5] 
Macrocyclic compounds have emerged recently as new 
and potential class of corrosion inhibitors A survey of lit-
erature reveals that despite the high ability of macrocyclic 
compounds to interact strong with metal surface, little atten 
tion has been made on use of these compounds as corrosion 
inhibitors [6-9] In continuation of our work on development 
of macrocyclic compounds as acid [10-14], we report here 
the inhibitory behaviour of macrocyclic compounds, namely 
2 3 9 lO-tetramethyl-6 13-dithia 1,4,5,7,8,11,12,14-octdazd 
cyclotetradeca 13 6 8 10 13-hexaene (MTAT), 3 4,9,10 te 
tramethyl-7,12-dithia-l,2 5,6,8,11 hexaazacyclododecane-2 
4,7 8,10,12 hexaene (MTAD) 3,4,9,10 tetramethyl-7 12-
dioxa 125 6 8 11 hexaazdcyclododecane-2,4,7,8 10 12 hex 
• Cotrtspondino author Tix -t-91 bl\ 700 528 
aene (MOAD) on corrosion of MS in 5 N HCI and to stud> 
the synergistic effects of iodide ions on inhibitive perfor 
mance of these compounds 
The selection of these inhibitor is based on the following 
facts 
1 They contain two kinds of heteroatoms (eight nitrogen 
and two sulphur for MTAT, six nitrogen and two sulphui 
for MTAD, six nitrogen and two oxygen for MOAD) as 
reactive centres through which they can adsorb readiU 
on the metal surface 
2 These compounds are readily soluble in medium 
3 They do not cause any health hazards like other thioure i 
derivatives hence the use of macrocyclic compounds is 
corrosion inhibitor is safe 
2. Expcr'mental 
2 1 Material prepaialioii 
Mild steel strips composed of 0 Hwt^r C 0 35 \u ' 
Mn and0 17wi%Si 0 025 wt % S 0 03 v.t % P and ast 
Fe were used For wcght loss measurements mild stctl 
stnps of 36 cm- (5 76 in -) were used For potentiodynamit 
polarization mild steel strips with an exposed an.a of 1 ^m 
(0 16in ) v>Lre used 
()^S4 ()SS4/()''/'s s I Ir 111 millLr C ^OO^ I Ko)cr Scient.^ B \ Ml ri his rcscr td 
I II SO^Sa ()SS4 (I I )0() 4 I 
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(A) (B) (C) 
Fi ' I \ line and molecular yruciure of mjcrocyclic compounds u'^ ed as corrosion inhibitors used (A) MTAT (B)MTAD (C) MOAD 
Mild Steel specimens were polished mechdnically with 
emery papers ot 1/0 to 4/0 grades They were subsequently 
degreased vMih inchloroethylene (CCl2=CHCl) and analyt-
ical reagent-grade HCI uas used for preparing solutions 
inhibitor uas s\n'hesized through procedures reported pre-
viously (IS) The structural formulae of inhibitors is shown 
in Fig I 
2 2 Weiglii loss tiieastiremeiir 
Weight loss experiments were done according to ASTM 
iTiethods described preMOUsly (16,17] Tests were conducted 
in 5 N HCI for 45 and 600s at 95 ± 2 C 
2 3 Poieiuiad\iiamicpolantatton measurement 
Polanzation curves uere recorded potentiodynamically 
(1 mV/S) using an EG & G Pnnceton Applied Research 
(PAR) model 173 Potentiostat/Galvanostat, a model 175 uni-
versal programmer and a model RE 0089 X-Y Recorder at 
35 ± 20 C The cell assembly consisted of mild steel as 
working electrode, platinum as the counter electrode and a 
saturated calomel electrode (SCE) as the reference electrode 
3. Results and discussion 
3 1 Weiglil loss studies 
The weight loss measurements were conducted in 5 N HCI 
at room temperature 40 and 70 C The values of inhibi 
tion efficiency (IE) and corrosion rate (CR) at different con 
centrations temperatures and immersion time are given in 
Table 1 The results show that all the macrocyclic com-
pounds act as effective corrosion inhibitors at room temper-
ature as well as at 40 and 70 °C Their inhibition efficienc) 
increases with the increase in concentration All compounds 
exhibit their maximum IE at concentrations of 2000 and 
3000 ppm at 40 and 70 C Addition of high concentrations 
of macrocyclic compounds (2000 ppm for 25 and 40 C and 
^000 ppm for 70 C) did not increase the inhibition efficiency 
suggesting that all of these compounds are good corrosion 
inhibitors The IE of macrocyclic compounds followed the 
order 
MTAT > MTAD > MOAD 
The difference in their inhibitive action can be explained on 
the basis of the number of heteroatoms (N and S) present 
in these molecules MTAT contains 10 heteroatoms (8 ni-
trogen and 2 sulphur) as reactive sites through which it ad-
sorbs on the metal surface and gives highest IE, while other 
compounds MTAD and MOAD possess eight heteroatoms 
thereby give less IE than MTAT Since compounds contain-
ing both nitrogen and sulphur atoms are reported to be better 
inhibitors than those containing nitrogen and oxygen atoms 
[18], so MTAD (six nitrogen and two sulphur atoms) gives 
better performance as corrosion inhibitor than MOAD (six 
nitrogen and two oxygen) 
Table 2 gives the values of IE for specific concentrations 
of inhibitors in combination with Kl at all temperature and 
shows that IE of all these compounds increases on the addi-
tion of iodide ions for all compounds at all temperatures due 
to synergism, according to which iodide (1~) ions are ini-
tially adsorbed on the metal surface thereby increases nega-
tive charge on the metal surface which facilitates adsorption 
of protonated macrocyclic compound leading to reduction 
in metal loss [19] 
The synergistic parameter (5,) was calculated by using 
the relation given by Aramaki and Hackerman [20] 
5, 
1 - '\^2 
where 
l^^2 = {h +h)-{hl2) 
I] IS the inhibition efficiency of the anion, h the inhibition 
efficiency of the cation, /J^T the measured inhibition effi-
ciency for the cation in combination with anion 
Table 3 shows the 5, values of all compounds with 0 25% 
KI for 25, 40 and 70 C in 5 N HCI All S, values are moie 
than unity thereby suggesting that the phenomenon of syn 
ergism is existing between macrocyclic compounds ind 10 
dide ions [21 22) 
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Table 1 
Corrosion parameters obtained from weight loss measurements in 5 N HCl containing different concentrations of macrocyclic compounds 
System 
MTAT MTAD 
IE (%) CR (mmpy) IE (%) 
Temperature = 25 °C, immersion penod = 24h 
Blank - 33 8 
500 84 4 5 26 
700 88 2 3 99 
1000 90 0 3 38 
1500 92 7 2 48 
2000 96 0 I 35 
Temperature = 40 C immersion penod = 3 h 
Blank - 139 5 
200 60 0 55 7 
300 63 7 50 7 
500 73 4 37 0 
700 76 9 32 1 
1000 84 7 213 
2000 94 6 7 66 
Temperature = 70 C immersion period = 0 5 h 
Blank - 1522 6 
700 55 8 673 8 
1000 77 4 343 7 
1500 819 274 5 
2000 89 9 152 4 
3000 95 3 7 1 6 
82 0 
86 3 
89 6 
91 3 
93 4 
67 7 
69 6 
75 0 
78 7 
82 0 
92 2 
50 5 
73 0 
77 8 
83 6 
93 5 
CR (mmpy) 
33 8 
6 08 
4 63 
351 
2 94 
2 23 
139 5 
45 1 
42 4 
348 
29 7 
25 1 
10 9 
1522 6 
754 2 
4106 
337 4 
250 2 
98 3 
MOAD 
IE (fc) 
76 6 
84 8 
88 3 
89 9 
91 8 
59 9 
646 
70 3 
74 3 
80 3 
91 2 
49 5 
714 
72 9 
81 7 
92 7 
CR (mmp\ I 
33 8 
7 91 
5 n 
3 96 
3 4 1 
2 76 
139 5 
56 0 
49 5 
41 4 
35 9 
27 5 
123 
522 6 
769 2 
435 1 
4126 
279 4 
111 7 
Table 2 
IE of macrocyclic compounds obtajned from weight loss measurements in the absence and presence of KI at different temperatures 
System Temperature 25 ± 5 C, duration 24 h Temperature 40 ± 5 C duration 3 h Temperature 70 ± 5 "C duration 0 5 h 
Inhibitor KI concen- IE (* ) Inhibitor KI concen IE (%) Inhibitor KI concen- EE C^^ ) 
concentration (ppm) Iralion (%) concentration (ppm) Iralioii (%) concentration (ppm) tration (%) 
MTAT 500 
500 
700 
700 
MTAD 500 
500 
700 
700 
MOAD 500 
500 
700 
700 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
84 4 200 
92 6 200 
88 2 500 
96 5 500 
82 0 200 
89 6 200 
86 3 500 
94 5 500 
76 6 
85 7 
84 8 
92 3 
200 
200 
500 
500 
-
0 1 
-
0 1 
-
0 1 
-
01 
_ 
0 1 
-
0 1 
601 
85 6 
73 4 
93 6 
67 7 
79 8 
75 0 
92 5 
59 9 
74 3 
70 3 
91 8 
700 
700 
1000 
1000 
700 
700 
1000 
1000 
700 
700 
1000 
1000 
-
0 25 
-
0 25 
-
0 2^ 
-
0 25 
_ 
0 21 
-
0 2i 
55 8 
89 8 
77 4 
95 7 
50 5 
77 5 
7^0 
92 9 
49 ^ 
70 2 
71 4 
90 =; 
Table 3 
Synergistic parameters obtained from different concentrations of macrocyclic compounds in 5 N HCl at different temperatures 
System 25 C 40 C 70 C 
Inhibitor concentration (ppm) 5, Inhibitor concentration (ppm) S Inhibitor concentration (ppm) S 
MTAT 
MTAD 
MOAD 
500 
700 
500 
700 
500 
700 
1 25 
200 
1 03 
1 21 
1 12 
I 17 
200 
500 
200 
500 
200 
500 
2 03 
3 05 
1 17 
2 4": 
2 75 
2 66 
700 
1000 
700 
1000 
700 
1000 
-4f 
4 ^n 
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Table 4 
Polentiodynamic electrochemical paramelers obtained for mild steel in 
5N HCl containing different concentrations of macrocyclic compounds 
in the absence and presence of KI at 35 C 
3 50 
Fig 2 Temkin adNorplion isotherm plots for mild steel in 5N HCl 
containing macrocyclic compounds: 1, MTAT, 2. MTAD, 3. MOAD 
3.1.1. Adwrpnon i.wiherm 
The adsorption of all substituted macrocyclic compounds 
in 5 N HCl was confirmed by plotting the 9 (surface cov-
erage) vs. log C (concentration). The straight line obtained 
in all cases shows that the compounds follow a Temkin ad-
sorption isotherm (Fig. 2). 
3.2. Poteiuiodynamic polarization studies 
The polarization behaviour of MS in 5 N HCl in the ab-
sence and presence of different concentrations of MTAT are 
shown in Fig. 3. Electrochemical parameters such as corro-
sion current density (/corr). corrosion potential (£corr). Tafel 
slope constants (be and bs) calculated from Tafel plots are 
given in Table 4. These results show that all compounds 
bring down /corr value at all concentrations and maximum 
decrease in Icon value is obtained at 2000 ppm in 5 N HCl 
suggesting that all of these compounds are effective corro-
sion inhibitors. It is apparent from the results that the IE of 
System 
Blank 
MTAT 
500 
700 
1000 
2000 
700 + KI 
1000+K1 
MTAD 
500 
700 
1000 
2000 
7 0 0 + KI 
1000-l-KI 
MOAD 
500 
700 
1000 
2000 
7 0 0 + K I 
1000+ KI 
(mV) 
- 5 2 0 
-518 
-522 
- 5 2 0 
-508 
-524 
-5.30 
-514 
-524 
-528 
-515 
- 5 2 6 
- 5 2 0 
- 5 2 8 
- 5 2 6 
- 5 2 0 
-534 
- 5 2 6 
-534 
'con 
(p-Acm^-) 
4000 
640 
580 
520 
390 
460 
310 
7.30 
660 
532 
480 
520 
328 
780 
680 
588 
530 
544 
348 
Tafel slope 
ft. 
(mVdec^') 
130 
120 
130 
122 
120 
124 
122 
126 
124 
122 
120 
118 
116 
120 
124 
126 
120 
124 
122 
fej 
(mVdec" 
60 
56 
62 
60 
60 
62 
64 
64 
66 
62 
60 
58 
54 
66 
62 
64 
60 
62 
68 
IE {%) 
) 
-
84 (X) 
85 50 
87 00 
90 25 
8S50 
92 25 
81.75 
83.50 
86.70 
88 00 
87 00 
91.80 
80 50 
83.00 
85.30 
86.75 
86 40 
91 30 
the MTAT is highest (92.2%) among the compounds stud-
ied. These compounds do not cause significant shift in £corr 
values indicating that all macrocyclic compounds are mixed 
type of inhibitors in 5 N HCl. 
The values of /corr. fcorr, be, and bs, for all macrocyclic 
compounds in the presence of KI are also given in Table 4. 
Fig. 4 shows the Tafel plots obtained in presence of KI for 
all compounds at 1000 ppm concentration. It is seen from 
the results that the addition of KI to inhibitor solutions cause 
decrease in /corr value, thereby showing that there exist syn-
ergism between macrocyclic compounds and KI. 
10 10^ 10^ 
Current density |JA cm'^ 
lO -^
Fig 3 I'olentiodvnamic polanzalion cur^xs for mild steel in 5N HCl containing 2000ppm of macrocyclic compounds 1, blank. 2 MOAD, 3, MTAD, 
4. MTAP 
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Fig 4 Potenciodynamio polanzation curves for mild sieel in 5N HCl containing lOOOppm of macrocyclic compounds v.iih 0 25% KI 1. blank 
MOAD + KI, 3 MTAD + KI. 4, MTAT + KI 
4. Conclusions 
1. All macrocyclic compounds act as efficient corrosion in-
hibitors in 5 N HCl at different temperatures 
2 MTAT showed the best performance among all the stud-
ied compound at all temperatures. 
3. Addition of iodide ions to different concentrations of in-
hibitors increased the inhibition efficiency at all temper-
atures. 
4. All macrocyclic compounds followed Temkin's adsorp-
tion isotherm 
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Abstract 
2-Hydroxyphenyl-5-mercapto-l-oxa-3,4-diazole (HMO), 2-phenyl-5-mercapto-l-oxa-3,4-diazole (PMO), and 2-cinnamyl-5-mercapto-
l-oxa-3,4-diazole (CMO) were synthesized in the laboratory and their influence on the inhibition of corrosion of mild steel in 1 N HCl and 
1 N H2SO4 was investigated by weight loss and polentiodynamic polarization techniques. The inhibition efficiency (fE) of these compounds 
was found to vary with concentration, temperature and immersion time. Good IE was evidenced in both acid solutions The adsoiption of 
these compounds on mild steel surface for both acids were found to obey Temkin's adsorption isotherm. The potentiodynamic polarization 
data have shown that compounds studied predominantly behaves as cathodic inhibitors in both acid solutions. 
® 2002 Elsevier Science B.V. Alt rights reserved. 
Keywords: Corrosion inhibition; Steel, Aromatic oxadiazoles 
1. Introduction 2. Experimental 
The use of corrosion inhibitors has considerably increased 
in recent years due to increased awareness of corrosion 
worldwide. Inhibitors play an important role in controlling 
the corrosion of metals. Organic compounds are widely used 
in various industries as corrosion inhibitors for preventing 
corrosion in acidic environments [1-3]. The corrosion in-
hibition efficiency (IE) of organic compounds is connected 
with their adsorption properties. The effect of the adsorbed 
inhibitor is to protect the metal from the corrosive medium. 
It has been observed that the adsorption mainiy depends on 
the presence of TT-electrons and heteroatoms, which induce 
greater adsorption of the inhibitor molecules onto the surface 
of mild steel. The compounds containing both nitrogen and 
sulphur are of particular importance as they often provide 
excellent inhibition compared with compounds containing 
only nitrogen or sulphur [4]. 
In continuation of the work on the development of N 
and S containing corrosion inhibitors for acidic solutions 
[5-9], we have studied the corrosion inhibiting behaviour of 
oxadiaz-oles name\y, HMO, PMO and CMO on m\\d steel m 
acidic solutions 
2.1. Material preparation 
AR grade HCl and H2SO4 (Merck) were used for prepar-
ing solutions. Double distilled water was used to prepare 
solutions of 1 N HCl and 1 N H2SO4. These inhibitors were 
synthesized in the laboratory following the procedure re-
ported elsewhere [10]. Synthesized compounds were char-
acterized through their spectral data and their purity was 
confirmed by ihiu layer chromatography Structural formula 
of the inhibitors examined is given in Table 1 
2.2. Weight loss measureineius 
The experiments were carried out in 1 N HCl and 1 N 
H2SO4 using cold rolled mild steel samples of size 2 0 cm x 
2.0cm X 0 6cm having composition C = 0 MVc, Mn = 
0.35%, Si = 0.17%, S = 0 025%, P = 0 03%, the remain 
der Fe The experiments were performed as described earliei 
[11] 
2 J Electrochemical stiidic; 
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For polentiodynamic polarization studies mild steel strips 
of the same composition, embedded in aialdite (a fi\in' 
mateiia!) with an exposed aiea of I Ocm v.eie used iiid 
():S4 ()^S4/(I2/S - VCL honl nnllL-r O 2(X12 1 K 
I'll S ( I 2 ^ 4 ( I S s 4 i 112 ) ( I 0 2 9 9 7 
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Tabic 1 
Names and structures of the compounds used 
Sena] number Structure Name and abbreviation 
N N 
// w A X 
2 H>drox>phen>l 5 inercapto 1 oxa 14 diazole (HMO) 
2 Phenyl 5 mercapto-1-oxa 3,4 diazole (PMO) 
2-Cinnamyl-5-mercapto-l-oxa-3,4-diazole (CMO) 
the expenments were earned out at a temperature of 28 ± 
2 °C as per ASTM, G3-74 and G5-87 [12] Potentiodynanuc 
polarization studies were carried out using EGifeG PARC 
potentiostat/galvanostat (model 173), universal programmer 
(model 175) and X-y recorder (model RE 0089) A platinum 
foil was used as auxiliary electrode and a saturated calomel 
electrode was used as reference 
3. Results and discussion 
3.1. Weight loss studies 
The values of percentage IE and corrosion rate obtained 
from weight loss measurements for different concentrations 
of these compounds at 25 °C are given in Table 2 It has 
Table 2 
Corrosion parameter for mild steel in 1 N H2SO4 and 1N HCl in the absence and presence of various inhibitors from weight loss measurement at 25 °C 
Inhibitor concentration (ppm) IN H2S0« IN HCl 
Weight loss (mg) IE(%) CR (mpy) Weight loss (mg) IE(%) CR (mpy) 
Blank 
HMO 
25 
50 
100 
200 
300 
400 
500 
PMO 
25 
"^0 
100 
200 
300 
400 
"^ 00 
CMO 
2i 
^0 
100 
200 
100 
4tX) 
1662 2468 0 93 4 
98 2 
907 
74 6 
664 
57 9 
512 
36 4 
82 9 
59 0 
32 2 
21 3 
176 
105 
79 
31 6 
26 2 
24 9 
147 
11 9 
8 1 
3 1 
409 
45 4 
55 1 
600 
65 1 
69 2 
78! 
50 1 
645 
80 6 
87 2 
89 4 
937 
95 2 
80 9 
84 2 
SSO 
91 1 
92 8 
9^ 1 
9^0 
1459 2 
1347 6 
1108 4 
986 4 
860 0 
760 8 
540 8 
12316 
876 4 
478 4 
3164 
2616 
156 0 
1172 
469 2 
389 2 
370 0 
2184 
1768 
120 4 
4S S 
65 2 
605 
53 9 
46 5 
42 6 
36 9 
32 4 
57 3 
48 4 
37 8 
32 4 
27 7 
23 3 
20 2 
124 
27 7 
216 
196 
147 
11 9 
9 1 
1387 6 
30 7 
35 2 
42 3 
50 2 
55 0 
605 
65 3 
38 6 
48 2 
59 5 
65 3 
75 0 
78 4 
65 3 
70 3 
76 9 
79 0 
S4 2 
87 2 
90 2 
968 8 
898 8 
800 8 
690 8 
624 0 
548 0 
4812 
8512 
7192 
5616 
481 2 
346 0 
300 0 
481 2 
411 6 
320 8 
291 2 
218 4 
176 8 
13=i2 
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Table 3 
Corrosion rale and IE of vanous inhibitors at optimum concentration at dilferent temperatures obtained by weight loss measureineiu in I N H SO4 uid 
IN HCl 
Inhibitor used 
1 N H,S04 
HMO 
PMO 
CMO 
IN HCl 
HMO 
PMO 
CMO 
30 °C 
CR (mpy) 
3069 2 
735 2 
84 80 
33 20 
2496 4 
920 4 
568 4 
220 4 
IE (%) 
_ 
76 0 
97 2 
98 9 
_ 
63 1 
77 2 
91 1 
40 C 
CR (mpy) 
3936 4 
1606 8 
588 4 
392 0 
6263 2 
3131 6 
11880 
436 8 
IE (%) 
-
59 2 
85 0 
90 0 
-
50 0 
81 0 
93 0 
50 C 
CR (mpy) 
6283 2 
3082 4 
628 4 
753 2 
9466 4 
5868 8 
2839 6 
282 8 
IE {%) 
-
^0 9 
S9 9 
SSO 
-
3b 0 
70 0 
97 0 
been found that all these compounds inhibit corrosion of 
mild steel in both 1 N HCl and 1 N H2SO4 at all concentra-
tions under study. It has been observed that IE for all these 
compounds increases with an increase in inhibitor concen-
tration (part (a) of Figs. 1 and 2). The maximum IE of each 
compound was achieved at 500 ppm and a further increase 
in concentration did not cause any appreciable change in the 
performance of the inhibitor. 
The values of corrosion rate and IE of oxadiazoles at opti-
mum concentration (500 ppm) at different temperatures are 
given in Table 3. The variation of IE with increase in acid 
concentration is shown in part (b) of Figs. I and 2, it is clear 
that IE of all these compounds decreases with increase in 
acid concentration from I to 3 N, while IE of CMO does 
not shows any significant change with an increase in acid 
concentration in HCl solution. The influence of temperature 
on IE is shown in part (c) of Figs. 1 and 2. It is observed 
that IE of all the compounds decreases with an mcrease m 
temperature from 30 to 50 °C indicating that desorption of 
the inhibitor molecules from metal surface at higher tem-
peratures, while IE of CMO does not show any significant 
change with increasing the temperature in 1N HCl. The ef-
fect of immersion time on IE is shown in part (d) of Figs. 1 
and 2. It is found that in 1 N H2SO4 IE of all these com-
pounds does not show any significant change with increas-
Table 4 
Activation energy (£,) and free energy of adsorption {AC^s) for mild 
steel in 1 N HiSOj and I N HCl m the absence or presence of vanous 
inhibitors at 500 ppm 
Inhibitor used E, (Umol- l ) 
-AC, j . (kJmol-i) 
1 N H:S04 
HMO 
PMO 
CMO 
IN HCl 
HMO 
PMO 
CMO 
29 42 
58 10 
78 83 
124 39 
53 58 
74 57 
65 58 
45 IS 
30-0 
_ 
33 77 
39 62 
42 38 
_ 
38 03 
33 77 
36 90 
40 "C 
_ 
32 85 
36 19 
37 78 
_ 
31 93 
35 48 
38 79 
50 X 
_ 
33 06 
38 58 
3841 
_ 
31 60 
34 98 
42 42 
ing the immersion time, while IE of all these compounds 
increases with increase in immersion time in 1 N HCl 
Inhibition of corrosion of mild steel in acidic solutions 
by oxadiazoles can be explained on the basis of adsorption. 
These compounds inhibit the corrosion by controlling both 
the anodic and cathodic reactions. In acidic solutions these 
compounds exist as protonated species. These protonated 
species may adsorb on the cathodic sites of the mild steel 
(a) 
2 2 2 « 2.6 2 
L o g C ( p p m ) 
0 9 0 
0 8 0 
0 7 0 
0 6 0 
0 50 
0 1,0 
-
-
-
-
-
o ^^^^ 
- A 
1 1 
^ ' 'A 
1 
. ^ i - " 
1 
_.«>- 3 
_J^l 
• , 1 
1 
(b) 
2 2 2 i 2 6 
Lo g C ( p p m ) 
Fig 3 (a) Tenikin's adsorption isothenn plots for the jdsorpiion of wrio^s 
inhibitors in IN H2SO4 (I) HMO (2) PMO, (3) CMO (b) Temkin •. 
adsoqition isotherm plots for the adsorption ot vanous inhibitors in 1 ^ 
HCl (1) HMO (2) PMO (3) CMO 
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(c) S o l u t i o n T e m p e r a t u r e ( C ) (d) I m m e r s i o n Time ( h r s . ) 
Fig. 1. (a) Vanation of IE with inhibitor concentration in 1N H2SO4 (1) HMO. (2) PMO, (3) CMO. (b) Variation of IE with acid concentration in 1 N 
H2SO4: (1) HMO; (2) PMO; (3) CMO. (c) Variation of IE with solution temperature in 1 N H2SO4; (1) HMO; (2) PMO; (3) CMO. (d) Variation of IE 
with immersion time in 1 N H2SO4: (1) HMO; (2) PMO, (3) CMO 
100 200 300 400 500 
(a) Inhibitor Concent ra t ion(ppm) (b) Acid Concentra t ion { N ) 
I I I 
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(c) So lu t i on T e m p e r a t u r e ( C ) (d) I m m e r s i o n Time ( h r s ) 
Ffg 2 (j) Variation of \E with inhibitor concentration in I N HCI (1) HMO (2) PMO. (3) CMO (h) Varution of IE with acid concentration m I N 
HCl (1) HMO, (2) PMO, O) CMO. (c) Variation of IE with solution tciiipetaiure in 1 N HCI (1) HMO, (2) PMO, (1) CMO (d) Variation of IE with 
immersion time in I N HCI (I) HMO, (2) PMO. O) CMO 
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and decrease the evolution of hydrogen The adsorption of 
these molecules on anodic sites occurs through TT-elections 
of aromatic rings and lone pair of electrons of nitrogen sul-
phur and oxygen snoms which may decrease anodic disso-
lution of mild steel [13] 
IE of these compounds followed the order 
HMO < PMO < CMO 
The effectiveness of a compound as corrosion inhibitor 
depends on the structure of the organic compounds [14] 
Presence of (-C=C-) group in conjugation with aromatic 
nng plays a major role in increasing efficiency, inhibition 
of corrosion of mild steel in acidic solutions by these com-
pounds can be explained on the basis of molecular structure 
It is apparent from the molecular structures that these com-
pounds are able to get adsorbed on the metal surface through 
TT-electrons of aromatic nng and lone pair of electrons ot 
N , O- and S-atoms Among the compounds investigated in 
the present study, CMO has been found to give the best per 
formance as corrosion inhibitor This can be explained on 
the basis of the presence of an additional ir-bond betN'.een 
carbon atoms (-C=C-) in conjugation with aromatic nng 
These extensively delocahzed -rr-electrons favour greater 
adsorption on the metal surface as compared to other com 
pounds Lesser IE was shown by HMO may be attributed 
to the onentation of substituted groups, which prevent their 
fiat onentation on the metal surface causing less adsorption 
and thereby less IE A similar explanation has been given 
earlier [15] The better IE observed in I N H2SO4 than that 
of I N HCl may be attnbuted to the difference in aggres 
siveness of anions of acids It can be due to difference in the 
extent of adsorption of chlonde and sulphate ions present in 
(a) 
001 01 1 10 
C u r r e n t D e n s i t y ( m A c m " ' ) 
100 
(b) 
0 01 0 1 1 
C u r r e n t D e n s i t y ( m A c m" 
100 
Tig 4 (a) Potenliod>namic curves for mild sleel m 1 N HiSOj in the presence and absence of SOOppm of various inhibilors ( l ) I N H SOj (2) H I J 
(•?) PMO (4) CMO (b) Polenliodynamic curves for mild sleel in I N HCl in ilie presence and absence of 500 ppm of various inhibit irs {i j I \ HC 1 
(2) HMO (^i PMO (4) CMO 
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Table 5 
Electrochemicjl polarization paramelers for the corrosion of mild steel in 1 N H2SO4 and 1 N HCl containing optimum concentration of various inhibitors 
at 2 8 ± 2 ° C 
Iniiibitor 
Blank 
HMO 
PMO 
CMO 
used IN H:S04 
t-corr (• 
-550 
-580 
-574 
-584 
mV) 
'cort ' 
0 36 
0 08 
0 05 
004 
(mA cm -) W '^ \ 
-
77 7 
86 1 
88 8 
1 N HCl 
icon imV) 
-596 
-626 
-630 
-638 
'corr ' 
0 35 
0 10 
0 08 
0 06 
;m.^cm ^) r t 0 
-
714 
77 1 
82 8 
acids The chloride ions which are strongly adsorbed on the 
metal surface leave less space for the inhibitor molecules 
for adsorption, whereas the less adsorption of sulphate ions 
on the metal surface gives more space for the adsorption 
of inhibitor molecule and enhances inhibition of corrosion 
[16]. 
The values of activation energy (£a) were calculated using 
the Arrhenius equation [17,18]: 
t,AT 1 » ( 2 ) _ ; 
RTjTi 
where r\ and ri are the corrosion rates at temperatures T\ 
and 72, respectively, AT is the difference in temperature 
(7*2-Ti). 
The free energy of adsorption (AGads) at different tem-
peratures was calculated from the following equation: 
AGads = -RTM55.5K) 
and K is given by 
where 9 is the degree of coverage on the metal surface, C the 
concentration of inhibitor in moll" ' and K the equilibrium 
constant. The value of £a and AGads are given in Table 4. 
The low and negative value of AGads indicated the sponta-
neous adsorption of inhibitors on the surface of mild steel. 
The negative values of AGads also suggest the strong inter-
action of the inhibitor molecules with the mild steel surface 
[19,20]. 
3.2. Application of adsorption isotherm 
The values of surface coverage (9) obtained from weight 
loss data were plotted against log C for different concentra-
tions of the compounds. The straight line thus obtained indi-
cates that adsorption of these compounds from both acids on 
the mild steel surface follows Temkin's adsorption isotherm 
(Fig. 3a and b) 
3.3. Potentiodynamic polarization studies 
The cathodic and anodic polarization curves of mild steel 
in 1 N HCl and 1 N H:S04 in the absence and presence of 
different inhibitors at 500 ppm concentration at 28 ± 2°C 
are shown in Fig. 4a and b. Electrochemical parameters 
such as corrosion current density (Icon), corrosion poten-
tial (£corr) and IE are calculated from Tafel plots are given 
in Table 5. Maximum decrease in Icon was at 500 ppm 
concentration for each of these compounds. Ma.ximum de-
crease in Icon was observed for CMO. Scorr values show 
that all these compounds acted as cathodic inhibitors in both 
acids. 
4. Conclusions 
1. All the aromatic oxadiazoles show good inhibiting prop-
erties for mild steel in both acids. 
2. All these compounds inhibited corrosion by adsorption 
mechanism and the adsorption of these compounds on 
the mild steel surface in both the acid solutions obeyed 
Temkin's adsorption isotherm. 
3. All the compounds examined acted as cathodic inhibitors 
in both 1 N HCl and 1 N H2SO4. 
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Corrosion inhibiting action 
of tetramethyl-dithia-octaaza-cyclotetradeca-hexaene 
(MTAH) on corrosion of mild steel in hot 20% sulfuric acid 
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Abstract 
Macrocyclic compounds constitute a potential class of inhibitors In an attempt to develop effective corrosion inhibitor we have synthe 
sized a macrocyclic compound namely 2,3,9,10-tetramethyl-6,13-dithia-l,4,5,7,8,ll,12,14-octaaza-cyclotetradeca-l,3,6,8,10,13-hexaene 
(MTAH) was synthesized to study the corrosion inhibitive effect on pickling of mild steel (MS) in 20% H2SO4 at 95 °C The synergistic 
effect of this compound was studied by weight loss, potentiodynamic polanzaUon, electrochemical impedance and hydrogen permeation 
studies The results of investigations in the presence of potassium iodide (KI) as synergent have shown enhancement in inhibition efficiency 
(IE) Potentiodynamic polanzation studies showed that MTAH is mixed m nature 
© 2002 Elsevier Science B.V All nghts reserved 
Keywords Sulfuric acid pickling corrosion inhibitor. Electrochemical impedance spectroscopy, Potentiodynamic polarization. Hydrogen permcauon. Weight 
loss, MaCTOcyclic 
1. Introduction 
Chemical cleaning and pickling are important industnal 
processes used to remove mill scales (oxide scales) from 
the metal surface It is usually conducted at temperatures 
up to 60 °C in HCl and up to a temperature of 95 °C in 
H2SO4 These conditions require inhibitors that remain ef-
fective even under severe conditions of high concentration 
of acid (20%) and temperatures ranging from 60 to 95 °C 
Effective corrosion inhibitors used in sulfunc acid in-
clude sulfur and nitrogen/sulfur containing compounds such 
as sulfoxide, sulfides, mercaptobenzothiazole, thiazole, 
thiourea derivatives, indole, thiophene and benzothiazoles 
[1,2] Survey of literature [3,4] reveals that 2-mercap-
tobenzothiazole is an effective corrosion inhibitor up to 
70 °C It gives improved performance in combination with 
alkynols Sulfonium salts are effects e only a' ambient tem 
perature Thiourea denvatnes also constitute an important 
class of corrosion inhibitors but the\ induce H? up take b> 
metals and isomenzes into toxic compoands hence their 
use IS not safe Thus the choice for using inhibitor m strong 
sulfunc acid at 95 'C is limited In view of these obser\a-
lions there is a necessity for development of new inhibitor 
for sulfuric acid 
In continuation of our work on development of macro 
cyclic compounds as acid inhibitors [5-7], we have 
synthesized an organic inhibitor namely tetramethyl-dithia-
octaaza-cyclotetradeca-hexaeiie (MTAH) with a view to 
study Its inhibiting properties on corrosion of MS in 207^ 
H2SO4 at 95 °C and to study the synergistic effects of 
iodide ions on mhibitive performance of MTAH TTie 
corrosion inhibitive performance of MTAH is compared 
with an Indian patented commercial corrosion inhibitor 
(Metasave) 
The selection of this inhibitor is based on the follov.ing 
facts that 
1 It contains 10 heteroatoms (eight nitrogen and two sulfur) 
as reactive centers through which it can adsorb readiK 
on the metal surface 
It IS readily soluble in medium 
It does not cau^e any health hazards like other thioure 1 
derivatives, hence its use as corrosion inhibitor is sife 
• Coraspdiulm' juihor Tav -^91 571 7«J S2S 
2. Experimental 
2 1 Material prepaiatton 
Mild steel (MS) snips composed o( 0 14^^^ C 
0 35 u t % Mn 0 17 \\ t % Si 0 025 V. t % S 0 03 \vt 9c 1 n ' 
(PS4 ()SS4/(IVs M.L (r)nl in illtr O ""(W C 
I II S0T^4 ()^S4(() I )(H)576 4 
.\ii.r Stiuntt [5 \ All ri hi rtM-rvLcl 
90 
/^ \ 0 / J h CI I I I If I 
HjC .CH, 
II N N N N H 
S = C 
I 
N N - — H H N N 
C C 
/ \ 
Tetramethyl-dithia-ocfaaza-cyclofetradeca-hexaene 
(MTAH) 
Fis J Name and molecular strjcrure of Jnhjbjior used 
balance Fe were used For weight loss rneasurements, MS 
stnps of 36rm^ (5 76 in ^) were used For potentiodynamic 
polanzation, electrochemical impedance and hydrogen t)er-
meaiion studies, MS stnps with an exposed area of 1 cm^ 
(0 16 in )^ were used 
MS specimens were polished mechanically with emery 
papers of 1/0-4/0 grades They were degreased subsequently 
with tnchloroethyiene (CCh^CHCl) Double distilled water 
and analytical reagent-grade H2SO4 were used for prepanng 
solutions Inhibitor was synthesized following procedures 
reported previously [8] TTie molecular structure of inhibitor 
is shown in Fig 1 
2 2 Weight loss measurement 
Weight loss expenments were done according to ASTM 
methods descnbed previously Tests were conducted m 20% 
H2SO4 for 600 and 45s at 95 ± 2°C [9,10] 
2 3 Potentiodynamic polarization measurement 
Polanzation curves were recorded potentiodynamically 
(IrnVS"') using an EG&G Pnnceton Applied Research 
(PAR) model 173 Potentiostat/Galvanostat, a model 175 uni-
versal programmer and a model RE 0089 X-Y Recorder at 
35±2°C The cell assembly consisted of an MS as working 
electrode, platinum as the counter electrode and a saturated 
calomel electrode (SCE) as the reference elecurode 
2 4 Electrochemical impedance measurement 
Nyquist plots for MS in 20% H2SO4 containing different 
concentrations of MTAH were recorded using an EG&G 
PAR model M 6310 system with M398 software at 35 ± 
2°C Impedance plots were obtained over a wide range of 
frequencies (1 e from lOkllzto lOOmHz) The iltemating 
current (AC) amplitude was lOmV root mean square (rms) 
2 5 fI)d)ogcn permcnnon measurement 
Hvdrogen perme ition studies were (.arntd out at 35±2 C 
usiiia in id ipt ition of the iiiodihed Dev imth m-Snthurski 
Ivio comp irtment (.til as fLpoited in our previous work [11J 
hydrogen permeation currents were recorded using a strip 
chirt recorder in the absence and presence of different con 
centntions of MTAH in 20% H2SO4 and Metasa\e 
3 Results and discussion 
3 I Wcij^hi loss studies 
The values of metal loss (%) and inhibition efficiency 
(IE) obtained from v.eight loss measurement for different 
concentrations of MTAH m absence and presence of Kl and 
commercial corrosion inhibitor in 20% H2SO4 for 600 and 
45 s are given in Table 1 
It is seen that percentage metal loss for synthesized 
inhibitor, viz MTAH + 0 25% KI is two times less than that 
of commercial inhibitor in 20% H2SO4 at 95 ± 2°C The 
high IE of MTAH may be attnbuted to presence of lone 
pair of electrons on 10 heteroatoms (eight nitrogen and two 
sulfur atoms) through which it can adsorb strongly on the 
metal surface In addition to presence of lone pair of elec-
trons It can also adsorb through protonated specimen It is 
also seen from the results that IE of MTAH increases on ad-
dition of small amount of KI owing to synergism, according 
to which iodide (I~) ions are initially adsorbed on the metal 
surface thereby increases negauve charge on the metal sur-
face which facilitates adsorption of protonated macrocyclic 
compound leading to reduction in metal loss [12] 
The synergistic parameter (S,) was calculated by using the 
relation (Eq (1)) given by Aramakj and Hackerman [13] 
S, = 1 - /1+2 
1 - /; (1) 1+2 
where 
/l+2 = (/l + / 2 ) - ( / | / 2 ) 
Table 1 
Corrosion parameters obtained from weight loss ineasuremenls in 20% 
HTS04 containing Metasavc and different concentrations of MTAH with 
and without 0 25% KI at 9 3 ± 2 ° C 
Inhibitor 
concentration 
Blank 
500 MTAH 
1000 MTAH 
(ppm) 
5(X) MTAH + Kl 
Metasave 
Immersion 
time 
600 
45 
600 
45 
600 
4D 
600 
45 
600 
41 
(s) 
Metal 
loss (%) 
5 94 
1 45 
1 42 
0 072 
0 658 
0 055 
0 040 
0 0''2 
0 190 
onss 
IE (%) 
-
-
76 I 
95 0 
SS9 
96 2 
99 3 
9S5 
96 6 
9^2 
S 
-
-
8S6 
1 80 
91 
AM Quiaishi J Ranal/Staliiials Clu-mistn' and I'Insics 77 (2002) 4i-47 
-G7 0 
0.1 1.0 10' 
CURRENT DENSITY ( m A c f S ^ ) 
10' 
Fig. 2. Typical potentiodynamic polanzation curves for MS in 20% H2SO4 containing different concentrations of inhibitorb (1) blank. (2) 500 ppm 
MTAH, (3) lOOOppm MTAH. (4) 500ppm MTAH + 0.25% Kr 
I\ is the IE of the anion, I2 the IE of the cation, and 3.3. Electrochemical impedance studies 
I[_^2 'he measured IE for the cation in combination with 
anion. 
Table 1 shows the S, values of 500 ppm MTAH with 
0.25% KI for 600 and 45 s in 20% H2SO4. All S, values are 
more than unity, thereby suggesting that the phenomenon of 
synergism is existing between macrocyclic compound and 
iodide ions [14]. 
The results obtained from weight loss studies show that 
500 ppm MTAH + 0.25% KI has shown about four times 
less metal loss than Metasave. 
3.2. Potentiodynamic polarization studies 
Electrochemical impedance measurements were earned 
over the frequency range from 10 kHz to 100 mHz The 
simple equivalent Randies circuit [15] for impedance stud-
ies is shown in Fig. 3, where RQ represents the solution and 
corrosion product film; the parallel combmation of resistor, 
/?! and capacitor Cdi represents the corroding interface Qi 
is the electrochemical double layer capacity resulting from 
adsorbed ions and water molecules and /?t the charge trans-
fer resistance. Nyquist plots obtained from the impedance 
studies in 20% H2SO4 containing different concentrations 
of MTAH are shown in Fig. 4(a) and (b) Vanous parameters 
The polarization behavior of MS in 20% H2SO4 in the 
absence and presence of different concentrations of MTAH 
are shown in Fig. 2. Electrochemical parameters such as 
corrosion current density (/cotr), corrosion potential (£corr). 
Tafel slope constants {be and b^) calculated from Tafel plots 
are given in Table 2. It is apparent from the results that 
c^orr value synthesized inhibitor is about 3.5 times less than 
Metasave. The shifting of £con- indicated that MTAH and 
Metasave both are mixed inhibitor in 20% H2SO4. 
Fig 3 A simple Randles-type equivalent circuit f)r electrocherkj ' 
impedance measurements 
Tjble 2 
Electrochemical polarization parameters for .MS in 20% H2SO4 containing Metasave and different concentrations of MfAH v.iih and without 0 IVn KI 
at 3 5 ± 2 ' ' C 
Inhibitor concentration (ppm) (mV) Icon (mAcm -) Tdfcl slope 
i t (mV per decade) hj (mV p(.T decddt ) 
Blank 
500 MTAH 
1000 MTAH 
SOO MTAH + KI 
Met.isa\e 
524 
5!8 
528 
516 
522 
1600 
0 60 
0 34 
0 20 
0 76 
132 
120 
110 
11: 
70 
56 
50 
60 
52 
') 
9 
(, 
^ 
92 
MA i>iiiiiislii J Ka.Mil/\t(Uen(ils Clnni,^i}-\ and Fh\M5 77 (:(Ki2l -IJ-t" 
2 0 3 0 4 0 5 0 
ZRE (OhmcmZ) 
6.0 7.0 
600 
1000 1500 
2 Rt (ohm cmJ ) 
2000 
Fig. 4. Nyquist plots for MS in 20% HzSOj containing different concentrations of inhibitors: (a) blank; (b) 1: 500 ppm MTAH. 2: lOOOppm MTAH. 3; 
500 ppm MTAH + 0.25% KI. 
such as charge transfer resistance (/?i), double layer capaci-
tance (Cdi) and IE were obtained from impedance measure-
ments are given in Table 3. Rx values were calculated from 
the difference in impedance at lower and higher frequen-
cies as reported elsewhere [16]. Cdi values were calculated 
from the frequency at which the imaginary component of 
impedance was maximum (Z,mmax) using the following 
relation: 
Cdi = 
1 I 
27r/max ^ t 
(2) 
Table 3 
Electrochemical impedance parameters for MS m 20% HTSOJ containing 
Metasave and different concentrations of MTAH with and without 0 25% 
Kl at 3 5 ± 2 ° C 
Inhibitor concentration 
(ppm) 
«, (ficm-) Cji (nFcm^) IE (<J) 
Blank 
500 MTAH 
1000 MTAH 
500 MT^H + KI 
ML't.!s.i\e 
6 0 
1570 
1S60 
1906 
i';20 
259652 
1(M6 
924 
8S4 
I0i6 ^6 
99 6 
99 8 
99 9 
99 60 
MTAH has exhibited more than 99% IE as calculated from 
/?! values. The decrease in Cdi values in the presence of 
inhibitors indicated that these inhibitors inhibit corrosion 
by adsorption mechanism [17]. 
3.4. Hydrogen penneation studies 
It is found from the results that reduction of hydrogen 
permeation current is four times more for MTAH -I- 0.25% 
KI than Metasave in 20% H2SO4 solution. The reduction 
of hydrogen uptake could be attributed to adsorption of 
Table 4 
Hydrogen permeation parameters for MS in 207o H2SO4 containing 
Metasave and different concentrations of MTAH with and without 0 25% 
Kl and at 35 ± 2 °C 
Inhibitor concentration Permeation current C i^A) Percent reduction 
(ppm) 
Blanli 
500 MTAH 
1000 MTAH 
Mefa'jave 
62 6 
3S0 
32 0 
52 6 
VJ3 
4S9 
)5 97 
93 
A/A (]uia!\hi J Ka\ (tl/Maltnah ChcnuMn and f'h\^iC'> 77 {2002} 4^-^ 
Macrocsclic compound on MS suiface, which prevented 
permeation of hydiogen mto metal (Table 4) 
4. Conclusions 
1 MTAH exhibited 95% IE in 20% H2SO4 at 95 °C and its 
IE further increased in the presence of KI due to syner-
gistic effect 
2 MTAH significantly reduced permeation of hydrogen 
through MS in 20% H2SO4 
3 MTAH significantly reduced the double layer capacitance 
thereby suggesting that inhibition of corrosion taking 
place by adsorption mechanism 
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Abstract 
The influence of some substituted dianils on corrosion of mild steel m IN hydrochloric acid and IN sulphunc acid has been studied 
using weight loss and electrochemical techniques Among the five compounds studied, 1,4-dicinnamyledene aminophenylene (DCAP) 
showed the best performance All of the compounds showed good mhibition efficiency in both the acids Inhibition efficiency of these 
compounds has been found to vary with nature and concentration of these compounds, solution temperature, immersion time and nature 
of acid solutions The adsorption of these compounds on the steel surface from both the acids has been found to obey Temkin's adsorption 
isotherm The values of activation energy and free energy of adsorption of all the dianils were calculated to investigate the mechanism of 
corrosion inhibition The potentiodynamic polarization studies were earned out at room temperature, according to which all the compounds 
were found to be mixed type inhibitors and inhibited the corrosion of mild steel by blocking the active sues of the metal 
© 2002 Elsevier Science B V All nghts reserved 
Keywords Corrosion inhibition, Dianil, Mild steel, Potentiodynamic polarization, Temkm's adsorption 
1. Introduction 
The study of organic corrosion inhibitors in acid medium 
IS an attractive field of research due to its usefulness in 
several industnes Most of the commercial formulations 
include aldehydes and amines as essential ingredients [1,2] 
It is known that condensation products of carbonyls and 
amines that are known as anils or Schiff bases, gives more 
inhibition efficiency than constituent carbonyls and amines 
[3-5] Desai et al [3] have studied a few Schiffs bases 
derived from aromatic aldehydes and amines as corrosion 
inhibitors for mild steel in hydrochlonc acid Similar ob 
servations have been reported recently by Quraishi et al 
[4-6], who have studied corrosion inhibiting properties of 
several anils synthesized by condensing, either aromatic or 
heterocyclic amines with aromatic aldehydes These ob 
servations have prompted us to 'nvestigate the inhibiting 
behavioi of some dianil namely, 1,4-di-dimethyl aminoben-
zyledene aminophenylene (DDAP), 1,4-divanilledene 
aminophenylene (DVAP), 1,4-disalicyiedene aminopheny-
lene (DSAP), 1,4-dibenzyledene aminophenylene (DBAP) 
and 1,4 dicinnamyledene aminophenylene (DCAP) on coi 
rosion of mild steel in HCl and H2SO4 solutions 
2. Experimental 
2 1 Material preparation 
AR grade HCl (MERCK) and doubled distilled v,ater 
were used for preparing test solutions of )N HCl for all o 
penments TTie inhibitors were synthesized in the laboraton. 
following the procedure reported elsewhere [3] Synthesized 
compounds were characterized through their spectral data 
and their purity was confirmed by thm layer chromatogra 
phy Structural formula of the inhibitors examined is given 
in Table 1 
2 2 Weight loss measiaements 
The experiments were cdmed out in IN HCl and 1\ 
H2SO4 using cold rolled mild steel samples of size 2 0 <. ni ' 
2 0cm X 0 6cni having composition C - 0 14% Mn 
0 35%, Si = 0 17% S = 0 025% P = 0 0^% anj t'c 
remainder as Fe The experiments v,ere performed as ik 
scribed earhei [7] 
2 3 Fleclrnchenucal studies 
• Corrtspondm- aiiihor Fa\ +91 "i?! 7(X)->2Sx7090S i 
/- nimliillnw nuqur ushiij'rediKmaiUom (M A Quruslu) 
0^54 Ossa/O^/s, -.1, Iroril m II u O 200^ [ IsLM r^ S^KfKt B V All ii In 
I il S ( ) ' ^4 ()^^4l( : ) 000 ( l_ 0 
1 or po[entioG)ndnii(. polan/ation studies mild stetl sin 
of s.iuicconiposiuon cmhcddLd ni ai iklite ( i ii\in2 m ikn i 
95 
; /; /, l/M ,:,n lis (I \ lit) / / / , 
Tjblc 1 
Name and slrutiurts of iht dunils used 
Serial number Structure Designation (jbbreMjtion) 
HC 
H,C 
VJ^"' ^^^J^ "'^/-'X^ 
CH, 
liO OH 
OH "0^ 
^ H C = N N-CH 
1 4 Di dimethyl ammobenzyledene aniinophenylene (DDAP) 
1 4 Dnjn lledene aminophenyltne (DVAP) 
I 4 DisalKyledcne aminophenylene (DSAP) 
1 4 Dibenzyledene aminophenylene (DBAP) 
K yV-HC = HC-HC = N—(, A—N^CH-CH-CH-A^ h 1 4 Dicmnamyledene aminophenylene (DCAP) 
With an exposed area of 1 Ocm^ were used and the experi-
ments were earned out at constant temperature of 30 ± 2 °C 
as per ASTM, G 1-72, 0 3 02 [8] Potentiodynamic polanza-
tion studies were earned out usmg EG & G PARC potentio-
stat/galvanostat (model 173), universal programmer (model 
175) and X-Y recorder (model RE 0089) A platinum foil 
was used as an auxiliary electrode and a saturated calomel 
electrode was used as a reference 
3. Results and discussion 
3 1 Weight loss studies 
Table 2 shows the values of inhibition efficiency (IE) 
and corrosion rate (CR) obtained from weight loss measure-
ments at different concentrations of dianils at 35 °C From 
the weight loss values, the IE (%) and surface coverage (9) 
of each concentrations were calculated using the following 
equations 
X 100 
CRo - CR 
9 = — 
CRo 
where CRo and CR are the corrosion rates in the absence and 
presence of inhibitors respectively It has been found that in-
hibition efficiency of all of these compounds increases with 
increase in concentration (Fig la and a') The maximum 
inhibition efficiency for each compound was achieved at 
500 ppm and further increase in concentration did not cause 
any appreciable change in the performance of the inhibitors 
The influence of temperature on inhibition efficiency is 
shown in Fig lb and b' It has been observed that the inhi-
bition efficiency of all the dianils decreases with an increase 
in temperature from 35 to 65 °C, due to the desorption of 
the inhibitor molecules from the metal surface 
The vanation in inhibition efficiency of all the five dianils 
with the immersion time is shown in Fig Ic and c' It is 
observed that no significant change in inhibition efficiency 
occurs with the increase in immersion time from 2 to 6h 
The values of activation energy (£a) were calculated us-
ing the Arrhenius equation The free energy of adsorption 
(AGads) at different temperatures were calculated using the 
following equation [9] 
AGads = -RT\t\ (55.5 K) 
and K is given by 
K 
C{\-9) 
where 0 is degree of coverage on the metal surface, C is 
the concentration in mol 1~' and K is equilibnum constant 
The values of £a and AGaj, are given in Table 3 It is found 
that the activation energy values of the inhibited systems 
are higher than those of the uninhibited systems which in-
dicate that inhibitors are effective at room temperature and 
inhibition efficiency decreases with an increase in temper-
ature [10] The decrease in free energy of adsorption with 
increase in temperature suggests physical adsorption of the 
inhibitors on the surface of mild steel The negative values 
of free energy of adsorption indicate spontaneous adsorption 
of the inhibitors on the surface of mild steel [11] The values 
AGads for all the compounds are less than 9 561scal mol"' 
(40Umol~') indicating that the inhibitor molecules on the 
MS surface are physically adsorbed [12] 
3 2 Apphcation of adsorption isoihenn 
In order to understand the mechanism ot corrosion in-
hibitor the adsorption b^hutor ot the organic adsorbate on 
96 
M \ Quuii-,lii D Jin /Mall < /u In and PI \ ^ "S (2(K)^) 60S-6 / ; 
Tjbl<. 2 
Corrosion parameCers for mild steel in IN HCl and IN H^SOj in ab'sence and presence of different concentrations of \anous inhibitors liom w.eiglu 1 > s 
measurements at 35 °C for 2h of immersion time 
Concentration (ppm) IN HCl IN H.SO4 
Weight loss (mg) IE (9 Ck (mm per year) Weight loss (mg) 
B l i n k 
DDAP 
2"; 
•iO 
100 
200 
100 
400 
500 
DVAP 
25 
50 
100 
200 
300 
400 
500 
DSAP 
25 
50 
100 
200 
300 
400 
500 
DBAP 
25 
50 
100 
200 
300 
400 
500 
DCAP 
25 
50 
100 
200 
300 
400 
500 
112 70 
55 5 
35 0 
49 
39 
39 
22 
16 
88 9 
517 
14 5 
10 1 
74 
63 
50 
72 7 
29 1 
124 
99 
82 
72 
68 
21 60 
12 5 
74 
4 1 
35 
16 
10 
16 6 
68 
22 
1 7 
13 
09 
08 
50 TS 
68 92 
95 59 
96 51 
96 76 
98 02 
98 60 
28 05 
54 13 
87 14 
90 98 
93 43 
94 41 
95 54 
35 46 
74 18 
89 02 
9120 
92 71 
93 62 
93 98 
80 82 
88 84 
93 43 
96 31 
96 85 
98 54 
99 13 
85 21 
94 48 
98 02 
98 45 
98 83 
99 19 
99 26 
62 SO 
30 92 
19 50 
2 73 
2 17 
200 
1 22 
0 89 
49 45 
30 16 
8 0S 
5 63 
4 12 
351 
2 78 
4051 
1621 
691 
551 
4 57 
401 
3 79 
12 03 
6 96 
4 12 
2 28 
195 
0 89 
0 55 
9 25 
3 45 
2 26 
0 94 
0 72 
0 72 
0 50 
102 70 
177 
153 
98 
70 
46 
38 
3 1 
31 3 
29 9 
14 4 
104 
97 
72 
58 
3381 
29 5 
14 6 
II 1 
98 
81 
75 
214 
16 1 
85 
58 
54 
32 
18 
109 
83 
2 72 
21 
1 1 
1 1 
10 
in (%) 
82 74 
85 04 
90 38 
93 18 
95 53 
96 30 
96 98 
69 52 
70 84 
85 99 
89 81 
90 57 
92 92 
94 34 
67 10 
71 24 
85 80 
89 19 
90 47 
92 09 
92 70 
79 II 
84 26 
9169 
94 30 
94 67 
96 81 
98 16 
89 30 
9192 
97 38 
97 95 
98 89 
98 89 
99 04 
CI ptr ) 
9 8( 
8 52 
5 46 
s 46 
2 56 
: 12 
r 44 
1( 66 
8 02 
5 79 
5 40 
401 
3 23 
IS 83 
1644 
8 13 
6 18 
5 46 
451 
4 18 
II 92 
8 97 
4 73 
3 23 
301 
1 7S 
1 01 
6 07 
4 62 
1 50 
1 17 
061 
061 
0 56 
the metal surface must be known [13] The degree of sur-
face coverage (6) for different concentration of mhibitors 
in both the acids has been evaluated from weight loss val-
ues The data were tested graphically by fitting it to vanous 
isotherms A straight line was obtained on plotting 6 versus 
log C (Fig 2a and b) suggesting that the adsorption of the 
compounds from both the acids on mild steel surface follow 
Temkin's adsorption isotherm 
3 3 PotenliodMiamic polarization studies 
The poIentiod\naniic polanzadon ciiives of mild steel 
in the absence and piesence of optiimim concentratitjn of 
dianils in IN HCl and IN H2SO4 are shown in Fig 3a and b 
and vanous electrochemical parameters such as E^o„ b^, b, 
/corr and IE {%) obtained from cathodic and anodic curses 
are given in Table 4 The results clearl> brings out the fact 
that all the compounds under study, bnng down the corro 
sion current without causing any appreciable change in \al 
ues of corrosion of potentials suggesting that all the dianiK 
are mixed inhibitors The values of b^ and b^ did not shou 
any appreciable change indicating that the studied inhibitors 
in both the acids are mixed t>pe inhibitors Maximum de 
ciease in /^„rr was observed (in case of DC \P ) in both the 
acids indicating that DCAP is the most efkLtnc coridMot 
inhibitors among the studied oraanic inhibit us 
97 
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97 
93 rZ 
— 89 
85 © 
100 30O 500 
r 100 
£ 97 
93 
89 
85 0 
IM to 
,-—5 
.2 
^ 3 
500 
Cone (ppm) 
F]g 1 Vanation of IE with (a) inhibitor concentration, (b) solution temperature, (c) immersion time, in IN HCl and (a') inhibilor concentration, (b') 
solution temperature, (c') immersion time, in IN H2SO4 (1, DDAP, 2, DVAP, 3, DSAP, 4, DBA?, 5, DCAP) 
Table 3 
Activation energy (£,) and free energy of adsorption (AC«ji) for mild steel in IN HCl and IN H2SO4 in the absence and presence of various .nhibitors 
Concentration (ppm) £ , {kJmol-') ACjd. ( k J m o r ' ) 
35 °C 45 °C 55 °C 6 5 ' C 
IN HCl 
DDAP 
DVAP 
DSAP 
DBAP 
DCAP 
IN H2SO4 
DDAP 
DVAP 
DSAP 
DBAP 
DCAP 
47 27 
99 56 
127 65 
116 49 
11791 
86 31 
46 81 
100 19 
97 43 
97 81 
94 46 
129 32 
37 70 
35 02 
33 69 
38 62 
39 25 
35 69 
34 35 
33 14 
36 65 
38 58 
37 36 
3381 
33 98 
37 74 
39 83 
35 69 
33 64 
33 02 
35 07 
36 24 
37 11 
32 43 
33 02 
37 95 
41 13 
35 73 
34 31 
33 69 
35 15 
36 44 
36 07 
27 83 
27 88 
35 23 
39 25 
33 56 
31 93 
30 30 
35 10 
33 77 
Table 4 
Electrochemical polarization parameters for the corrosion of mild steel in IN HCl and IN H2SO4 containing optimum concentration of vanous inhibitors 
at room temperature 
Concentration 
(ppm) 
Blank 
DD\P 
DVAP 
DSAP 
DB\P 
DCAP 
IN HCl 
^ t - O T T 
(mV) 
-596 
-594 
-5S5 
-616 
-398 
-:)92 
b. 
per 
59 
62 
56 
60 
62 
50 
mV 
decay) 
fcc (mV 
per decay) 
108 
110 
106 
124 
108 
104 
'CO*T 
(mAcm 
0 150 
01:1 
0 17S 
o:oi 
00^1 
0 027 
IE (7r) 
) 
-
65 41 
49 01 
41 41 
84 hi 
92 2ii 
IN 
b. 
pir 
4S 
"i: 
4S 
46 
12 
•>o 
H;S04 
mV 
decay) 
i>c (mV 
per decay) 
98 
112 
100 
100 
104 
108 
/.„„ 
(mAcm"-) 
0 37 
0 n i 
0 160 
0 190 
0 064 
0044 
IE (%) 
-
64 59 
56 75 
4S65 
82 70 
88 10 
38 
MA (Jul ^lu I) J,n, : /Muhnah Lhuiusin am! t'1-.-.u-. 7S (2(AHj 60S-6/? 
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Q90 
: 
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Fig 2 Temkin's adsorplion isothenn plots for the adsorpiion of various inhibitors in (a) IN HCI and (b) IN H2SO4, on the surface of mild sieel (1 
DDAP, 2, DVAP, 3, DSAP, 4, DBAP, 5. DCAP) 
> 
E 
01 wo 
Current density (mA/cm') 
> 
E 
c- -too -
-
-
- ® 
t 
' * ' ^ ! ) 1 
I ' 1 
01 10 
Current density (mA^'cm') 
Tig •) Potenliodynaniic cur\es for MS in (a) IN HCI and (b) IN H^SOj m the pre^en^e and absence of sanous inhibiiors conUinmn "lOOp 
concentration of the h\dra?ides used as inhibitors (I blank 2 DDAP 1 DVAP 4 D S A D S DBAP 6 DCAP) 
99 
1/ \ (Ju:<i:slu O Jam ill './ •,' :l' ' ' i 
^4 Mciliciiusiti of coiiosion inhibiuon 
The iiiliibidon efficiency values of examined aromatic di-
anils at a common concentration of 500 ppm follow the or-
der 
DCAF' > DBAP > DDAP > DVAP > DSAP 
The ctlectiveness of a compound as a corrosion inhibitor 
depends on the structure of the organic compound [14] 
Among the compounds investigated in the present study, 
DCAP has been found to give the best performance. This 
can be explained on the basis of the presence of an addi-
tional -C=C- bond between carbon atoms in conjugation 
with azomethine -C=N- group. These extensively delo-
cahsed -ir-electrons favor greater adsorption on the nietal 
surface as compared to other compounds. Lesser inhi-
bition efficiency shown by DDAP, DSAP and DVAP as 
compared to DBAP may be attributed to the onentation 
of substituent groups, which prevents their flat onentation 
on the metal surface causing less adsorption, thereby, less 
inhibition [15]. 
A noteworthy feature of the investigation is that the stud-
ied dianils gave better performance in IN HCl than IN 
H2SO4. This can be explained on the fact that chloride ions 
being less hydrated than sulphate ions are more strongly 
adsorbed on the metal surface by creating an excess neg-
ative charge towards the solution phase, which favors the 
synergistic adsorption on the metal surface. Similar syner-
gistic mechanism has been proposed by Granese el al. [16] 
to explain the higher efficiency of some nitrogen containing 
heterocyclics in acidic solutions. 
4. Conclusions 
1. All of the investigated dianils have been found to perform 
well as corrosion inhibitors for mild steel in IN HCl and 
IN H2SO4 solutions. All of these compounds were found 
to inhibit the corrosion of mild steel by adsorption on the 
metal surface. 
2. Adsorption of these compounds on the mild steel surface 
has been found to obey Temkin's adsorption isotherm 
, u l I I ~-\ I - ( » ) > ) f,i}^ 61 < hi 1 
3 All ot these compounds have been found to beha\e as 
mixed type inhibitors 
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Tlie need foi developing gieen mhibitois is maeasmg day by day due to incieamig awaiencss of 
einuonmental issues In \iev^ of this ue have synthesized thiee hydiazides namely dodecanohydiazide 
(DDH) as-9-ocladecanoh)d\azide (ODH) and 10- undecauoli}diazide (UDH) deined font long chain fat t) 
acids to in\esligate then inhibiting actions on conosion of intld steel (MS) in IN hydiocldoiic acid (HCl) 
and IN sulfuiic acid (HSO^) b\ ^\ eight tes and potentiodynainic polaiization methods All of these 
compounds ha\c ^liown good inhibition cfflcieiic\ (IE/ in both acids IE of these compounds has been 
juund to \an with the nuiwe and conceniiaiion n! tl •. iomp<ninds, lenipeiatuie, immeision time and natuie 
of the acid solutions The udsoipiion of these compounds on the steel suiface fiom both acids has been 
found to ohe) Temkin's adsoiplion isotheim The \oliu's of activation energy (EJ and fee eneigy of 
adsoiption i^G^j^) indicated physical adsoiplion of these compounds on the steel \wface The 
potentiod\naniic polaiization e\peiiments ie\cakd that all the compounds aie mixed r^pe inhihitois 
Elect!ocheinical impedance spectioscopic (EIS) teclniu/ue \ias also used to iinesiigate the mechanism of 
coirosion inhibition 
Kc\uoids Ciecii inhibitor hydiazides iiiinedancc Tciukiii T adsorption isolh"''in polcnliodynamic polaiuatioii 
INTRODUCTION examined the inhibitive action of ethoxylated fatt\ 
Tj , , > J 1 1 J J 1 J acid derivatives and found them to be effectne 
Hvdiochlonc and sulphuric acids a ie widel> used 
in acid pickhng, industr ia l acid cleaning, oil and inhibitors of corrosion foi mild steel in HCl and 
gas \\ell acidizing, acid descahng and in m a n \ H^SO^ Badran et al [7 8] investigated th» 
other Industrial /chemical processes Inhibitors a ie \, \^ ^ » c c j r j 
^ corrosion inhibit ing piopert ies or a few modified 
used to pre%ent metal dissolution as well as acid 
„„„„ i r\ J ^ epo\idized linseed oil and oleic acid with methN 1 
consumption Organic compounds containing ' 
he te ioa toms such as 0 , N, S and double bonds e th ) l and butyl amines and lepoited the inhibition 
in their molecules a i e consideied as good couosion efficiency highei than 90% of these compounds m 
inhibitois [1-5] „ „ . v, , T ^ , , , 
^ ' 0 Oo .\ HCl solution 
A survey of h t e r a tu i e reveals coiiosion m h i b i t o i . j ^ continuation of oui woik on development of 
denved from fatty acids constitute an impor tant 
J , , , , c , , , acid corrosion inhibitois [9 13] we have studied 
and potential class of corrosion inhibitors, howevei 
verj little work has been done on fatty acid *^ he couosion inhibiting behavior of acid 
de i i \ a t ives a-^  couosion inhibitoi Hanna el al [6] hvdiazides on mild steel in acidic solutions 
2sf) 
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EXPERIMENTAL 
Weight loss measurements 
The experiments were carried out using cold rolled 
mild steel. The mild steel sample of size 2.0 cm 
X 2 0 cm X 0.025 cm having composition, (\Vt %); 
O.ir/o C, 0 35% Mn, 0.17% Si, 0.025% S, 0 03% P 
and balance Fe were used for weight loss 
measurement studies. The experiments were 
performed as per ASTM method described 
previously [1-1]. 
Potentiodynamic polarization studies 
For poi^ntiodynamic polarization studies, mild 
steel strips of same composition coated with 
lacquer with an exposed area of 1.0 cm ' were 
used and the experiments were carried out at 
301 K. Potentiodynamic polarization studies were 
c.UTied out using an CG & G Princeton Applied 
research (PAR) model 173 potentiostat/galvanostat, 
model 175 universal programmer and model 
RE0089 X-Y recorder. A platinum foil was used 
as auxiliary electrode and a saturated calomel 
electrode (SCE) was used as reference electrode. 
Electrochemical alternating current (AC) impedance 
studies 
Impedance measurements were performed at 
^corr ^^^^^ ^^^ ^^ voltage amplitude +5 mV in the 
frequency range from 5 Hz-100 kHz. All the 
TABLE I: Name, structural formula and 
abbreviation ot long chain fatty acid hydra2ides 
Structural formula Name and abbre\iation 
CH3-(Cll2)io-C-NHNH: 
Dodecanohydrazide 
(DDH) 
CH3-{CH2),-CH2=ClHCH:)7-C-NliNH: 
CH2=C)f-(CH2)8-C-N'HNH2 
O cis-9-octadecanoh\dra7idc 
(ODH) 
10-undccanohydrazide 
(UDll) 
measurements were carried out using a EG & G 
PAR Model 273A potentiostat / galvanostat, and 
EG & G PAR Model 5301A Lock -m-AmpIifier and 
at 301 K 
AR grade HCl and H2SO4 and double distilled 
water were used for preparing test solutions for 
all the experiments. The inhibitors were 
synthesized in the laboratory following the 
procedure described by Danlata et al. [15] and 
compounds were characterized through their 
spectral data and their purity was confirmed by 
thin layer chromatography (TLC). Name and 
structural formulae of long chain fatty acid 
hydrazides are given m Table I. 
TABLE 11: Corrosion parameters for mild steel in 1 N 
HCl and 1 N H2SO.1 in absence and presence of 
different concentrations of various inhibitors from 
weight loss measurements at 308 K for 2 hours 
Inhibitor 
1 N HCl 1 N HiSO* 
concn Wf.Ioss IE CR Wt.loss IE CR 
(ppm) (mg) (%) (mmpy) (mg) (%) (mmpy) 
Blank 
DDH 
100 
200 
300 
400 
500 
ODH 
100 
200 
300 
400 
500 
UDH 
100 
200 
300 
400 
500 
112 70 
40 51 
37,77 
36 21 
32 12 
29,86 
63 
66 
68 
72 
74 
62 80 102 70 
22 57 35 62 
2105 29 26 
21,81 27 83 
65 
72 
73 
17,89 
16.64 
23 10 78 
20 48 80 
33 55 70 
25 35 7S 
20 10 82 
18 34 84 
15 77 86 
28 17 75 
21 39 81 
18 83 83 
16 64 85 
13 29 SS 
18 69 18 52 
14 12 1661 
1120 14 92 
1022 14 16 
;78 13 33 
15 69 1177 
11 92 11 69 
10 49 1150 
9 27 9 99 
7 40 8 55 
82 
84 
85 
86 
87 
S9 
89 
89 
90 
92 
57 23 
19 85 
1630 
1551 
12 87 
11 41 
1032 
9 25 
831 
7 89 
7 43 
6 56 
6 51 
6 40 
5 56 
4 76 
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1^  tempeia tu ie It is found tha t the AGJ^J^ values 
are less than 40 KJ/mol indicating tha t inhibitors 
are physically adsorbed on the metal surface [18] 
The low and negative values of AG^^j. indicated 
the spontaneous adsorption of inhibitors on the 
suiface of mild steel [19] It was also found that 
values of activation energy of all the inhibited 
systems weie higher than tha t of uninhibited 
system Putilova [20] has indicated that these 
l>pes of inhibitors are effective at room 
tempeia tu ie and less effective at higher 
tempeia tu ies 
Application of adsorption isotherm 
The plot of surface coverage (6) obtained by weight 
loss method versus log C for different 
concentiations of the compound shows a straight 
line indicating tha t the adsorption of the 
compounds fiom both the acids on mild <;tcel 
suiface follows T e m k i n s dd&oiption ibOtliLim 
(Figs 2a&2b) This also pointed to conosion 
inhibition by these compounds being a lesu l t oi 
their adsorption on the metal surface 
Potentiodynamic polarization studies 
The potentiodynamic polarization behavior of mild 
steel in HCl and HjSO^ in the pre&ence and 
absence of diffeient inhibitors a t 500 ppm 
concentration at 301 K is shown in Figs 3a&3b 
Various conosion paramete rs such as corrosion 
potential (Ej,^ j.j,), coirosion c u i r e n t density (l^^^^) 
and %IE are given in Table IV It is observed 
that presence of acid hydrazides lower 1^ ,^ ^^ .^ values 
without causing sigmficant changes in E^ ^^ .^ values 
suggesting tha t acid hydrazides are mixed type 
inhibitor Maximum decrease in 1^ ^^ .,. was observed 
in the case of UDH (10-undecanohydrazide) 
indicating that UDH is the most effective corrosion 
inhibitoi among the studied hydrazides Similar 
trend was observed in weight loss method 
A noteworthy feature of these investigations is 
that all of the studied hydiazides performed better 
in H,SO^ than in HCl Similar resul ts were 
observed by Mura l idharan el al [21] who studied 
the conosion inhibiting pioper t ies of triazoles in 
IN H2SO4 and IN HCl 
The inhibition of corrosion of mild steel in the 
acidic solutions bv the hydiaz ides could be 
explained on the basis of molecular adsorption It 
is apparent from the molecular s t ructure tha t 
these compounds are able to get adsorbed on the 
TABLE IV: Electrochemical polarisation parameters 
for the corrosion of mild steel in 1 N HCl and 
1 N H2SO4 containing 500 ppm of various inhibitors 
Currcst dcDuiy (nA cm"') 
Fig 3 Potentiodynamic curves of mild steel in 
(a) 1 N HCl and (b) 1 N HjSO^ in the presence and 
absence of vanous inhibitors containing 500 ppm of 
concentration of tfie hydrazides used as inhibitors 
(1) Blank (2) DDH (3) ODH (4) UDH 
Inhibitor 
concn 
(ppm) 
Blank 
DDH 
ODH 
UDH 
t^corr 
(nA' \ s 
SCE) 
-596 
604 
-605 
612 
I N HCl 
' c j r r 
(m\ 
cm"^) 
0 330 
0 225 
0 175 
0 110 
IE 
(%) 
— 
36 
50 
69 
E^orr 
{mV \ s 
SCE) 
-568 
-554 
-575 
-556 
1 N II2SO4 
Icon-
(mA 
cm"^) 
0 370 
0 160 
0 0S5 
0 053 
IF 
(%) 
— 
57 
77 
85 
292 
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RESULTS AND DISCUSSION 
Weight loss studies 
The values of percentage inhibition efficiency (IE) 
and corrosion ra te (CR) obtained from weight loss 
studies are given in Table II It is seen that all 
of these compounds inhibit corrosion of mild steel 
in both IN hydrochloric acid (HCl) and IN sulfuric 
acid ( H , S O ^ a t all concentration under study 
Maximum IE of each compound was achieved a t 
500 ppm The effect of concentration on inhibition 
efficiency is shown in Figs l a & l a ' 
Figs I b & l b ' show the influence of temperature on 
IE It is observed tha t the IE decreases with the 
increase in tempera tu ie from 308 K to 338 K It 
may be at t r ibuted to the desorption of inhibitor 
molecules from the metal surface at higher 
t empera tu res The variation of the IE of all the 
three hydrazides with immersion time is shown in 
Figs Ic&lc ' It is found tha t IE of all the tested 
hydrazides do not show any significant change 
with the increase in immersion time from 2 hours 
to 6 hours 
The values of activation energy (Eg) obtained from 
Arrhenius equation [16-17] and free energy of 
adsorption (AG^^^) calculated using the following 
equations are given in Table III 
won 
100 300 500 
Conc^ppm) 
Fig 1 Variation of IE with (a) inhibitor concentration 
(b) solution temperature, (c) immersion time in IN HCl and 
(a ) inhibitor concentration, (b) solution temperature 
(c) immersion time in 1 N H^SO^ (1) DDH (2) ODH (3) UDH 
TABLE III: Activation energy (Ej) and 
free energy of adsorption (AGads) for mild steel in 
1 N HCl and 1 N H2SO4 in the absence and 
presence of various inhibitors with 500 ppm 
Inhibitor 
concn (ppm 
I N HCl 
DDH 
ODH 
UDH 
1 N H2SOJ 
DDH 
ODH 
UDH 
) (KJ niol"*) 
47 32 
58 43 
62 07 
57 60 
46 86 
53 29 
52 20 
59 77 
308 K 
— 
33 94 
37 12 
36 57 
— 
34 77 
37 36 
37 57 
-A G.ds 
318 K 
— 
34 90 
37 95 
37 70 
— 
35 65 
38 37 
38 28 
(KJ.mol"*) 
328 K 
— 
35 65 
3841 
32 26 
— 
36 40 
39 33 
38 99 
338 K 
— 
36 19 
39 21 
32 98 
— 
37 28 
40 25 
39 71 
AG,j^ = -RTln(55 5 K) 
and K is given by 
9 
(1) 
K = C (1 -6 ) (2) 
where 9 is degree of coverage on the metal 
surface, C is concentration of inhibitor in moleA, 
K IS equihbrium constant, R is a constant and T 
L«>tC(ppml 
Fig 2 Temkin's adsorption isothenn plots for the adsorption 
of venous inhibitors in (a) 1 N HCl and (b) 1 N HjSO,, on 
the surface of mild steel (1) DDH (2) ODH (3) UDH 
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30 ^ 
t , 10 
A 
* 
o 
t . • • •• 
A A 
m 
• 
o 
A 
(01 
A 
* 
' ' 3 
A 
70 «0 so to 
J 5 ' 5 0 
Fcoqucncy ( H I ) '^ 
Fig 4 Typical (a) Nyquist plots and 
(b) Bode plots in 1 N HCI in ttie absence and 
presence of UDH (1) Blank (2) 100 ppm (3) 500 ppm 
metal surface through lone pair of electrons of N-
and 0 - atoms and as protonated species like 
amines [22] 
Electrochemical impedance spectroscopy (EIS) 
Impedance diagrams obtained for the frequency 
range 5 Hz- 100 kHz at E^ ^^ .^^  for mild steel in IN 
HCI are shown in Figs 4a&4b It is seen fiom 
these figures t ha t impedance diagrams are not 
perfect semicircle and this difference has been 
at t r ibuted to frequency dispersion [23] The values 
of charge transfer resistance (Rf) and double layer 
capacitance (C^j) were derived from Nyquist plots 
TABLE V: Electrochemical impedance parameters for 
mild steel in 1 N HCI containing 
different concentrations of UDH 
Inhibitor 
concn (ppm) 
1 N HCI 
UDH 
100 
500 
{n 
R. 
cm 
18 
44 
75 
') 
Cdi 
(p F cm^) 
141263 
1000 00 
380 19 
IE 
(%) 
— 
00 
77 
and Bode plots respectively, and is g u e n m 
Table V it is observed from this table tiiat \alueb 
of R( increase with increase in concentration of 
the inhibitor (UDH) and this m turn leads to 
increase in %IE The addition of UAH to IN HCI 
lovsers the C^, values suggesting tha t inmbition of 
mild steel corrosion in HCI is at t r ibuted to the 
adsorption of the inhibitor on the metal surface 
[24] 
CONCLUSIONS 
n The fatty acid hydrazides behaved as good 
corrosion inhibitors in both sulfuric AS well as 
hydrochloric acid media 
• They inhibited the corrosion of mild steel m 
acid solutions by adsorption mechanism and the 
adsorption of these compounds on the metal 
surface obeyed Temkin 's adsorption isotherm 
D All of the compounds behaved as mixed type 
inhibitors 
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INFLUENCE OF IODIDE IONS ON INHIBITIVE PERFORMANCE OF 
AROMATIC ACID HYDRAZIDES DURING CORROSION OF 
MILD STEEL IN SULPHURIC ACID 
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Salicylic acid hydrazide (SAH). Anlhranilic acid hydrazide (AAH), Benzoic acid hydrazide (BAH) and 
Cinnamic acid hydrazide (CAH) were synthesized in the laboratoiy and their influence on the inhibition 
of corrosion of mild steel in I N H^Oj were investigated by weight loss and potentiodynamic polanzaiion 
techniques The influence of temperature, immersion time and acid concentration was also studied, CAH 
performed best, giving an inhibition ejficiency as high as 96 99% Potentiodynamic polarization data have 
shown that CAH is a mixed type inhibitor and the other three acid hydrazidcs namely SAH, AAH and 
BAH are cathodic inhibitors Performance of these compounds lun Juithcr impioved by the addition of 
Kl due to synergism The adsorption of these compounds on the mild iteel surface obeyed Temkin 5 
adsorption isotherm. 
Keyivords Aromatic acid hydraziites, mild steel, sulphuric aciil and syiwrgi^iii 
INTRODUCTION 
Most of the inhibitors used in industry are organic 
compounds, which mainly contain oxygen, sulphur, 
nitrogen atoms and multiple bonds in the 
molecules through which they are adsorbed on 
metal surface [1-5]. In continuation of the work 
on development of corrosion inhibitors for acidic 
solution [6-9] we have studied the corrosion 
inhibiting behaviour of acid hydrazides namely 
sahcyhc acid hydrazide (SAH), an th ran ihc acid 
hydrazide (AAH), benzoic acid hydrazide (BAH) 
and cinnamic acid hydrazide (CAH) on mild steel 
in acidic solutions. 
EXPERIMENTAL 
Mild steel specimens of size 2 cm x 2 cm x 0.025 
cm were used for weight loss measurement and 
for potentiodynamic polarization studies, mild steel 
specimens of same composition coated with 
Lacquer with an exposed area of I cm" were used 
The composition of mild steel used in these 
studies was (wt%), C = 0 14, Mn = 0.35, Si = 0.17 
S = 0.025, P = 0.03 and the res t iron. Mild steel 
specimens were polished with emery papers using 
different grades 1/0, 2/0, 3/0 and grade 4/0 and 
degreased with tnchloroethylene. 
Sulphuric acid of AR grade was used for prepar ing 
solutions. Double distilled water was used for 
preparing solutions of 1 N HoSO^ for all 
ex-periments. Acid hydrazides were synthesized as 
described by [10-11] and characterized by their IR 
spectra and the purity of these compounds was 
checked by Thin Layer Chromatography (TLC) 
The molecular s tructure of the inhibitors used a ie 
given in Table 1 
Weight loss measurements were carried out as 
described previously [12]. Potentiodynamic 
polarization studies were carried out using EG & 
255 
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G PARC, model 173, potentiostat/galvanostat 
universal programmer model 175 with X-Y 
recorder, model RE 0089 All the experiments 
were carried out at room tempera ture 
(301 ± 2 K) A plat inum foil was used as the 
auxiliary electrode and a sa tura ted calomel 
electrode (SCE) was used as the reference 
electrode 
RESULTS AND DISCUSSION 
The values of percentage inhibition efficiency and 
corrosion rate obtained from weight loss method 
at different concentrations are summarized in 
Table II 
It has been found tha t all of these compounds 
inhibit the corrosion of mild steel in H2SO4 
solution, a t all concentrations used in this study. 
It has also been observed tha t the inhibition 
efficiency for all these compounds increases with 
increase in concentration Fig 1(a) The maximum 
inhibition efficiency of each compound was 
achieved at 500 ppm Fur the r increase in 
concentration did not cause any appreciable 
change in the performance of inhibitor 
The influence of tempera ture on inhibition 
efficiency is shown in Fig 1(b) It is found tha t 
TABLE I: Molecular structures of acid hydrazides 
Structure 
OH 
^ ( ) V - c — N H N H 2 
NH2 
< f r j v — c — N H N H 2 
(C~jy—C — NHNH2 
0 
(r~j\—CH=CH - C —NHNH2 
Designation and Abbreviatior 
Salicylic acid hydraade 
(SAH) 
Anih/aniljc acid hydrazide 
(AAH) 
Benzoic acid hydrazide 
(BAH) 
Cinnamic acid hydrazide 
(CAH) 
inhibition efficiency for all the compounds 
decreases slightly with an increase in tempera ture 
from 303 to 323 K 
The effect of immersion time on inhibition 
efficiency is shown in Fig 1(c) I t is observed tha t 
two of the tested hydrazides namely AAH and 
BAH show a decrease in the inhibition efficiency 
with the increase in immersion time While SAH 
shows an increase in the inhibition efficiency with 
the increase in the immersion time and this shows 
tha t inhibitor films are relatively stable and will 
persist on the meal surface upto 24 hrs CAH 
shows no significant changes in inhibition 
efficiency with the increase in immersion time 
TABLE II: Corrosion parameters for mild steel in 
1 N HjS04 in the absence and presence of 
different concentrations of various inhibitors from 
weight loss measurement at 298 K 
Inhibitor 
concn (ppm) 
Weight loss 
(nig) 
IE 
(%) 
CR 
(mmpy) 
1 N H,SO, 
SAH 
luo 
200 
300 
400 
500 
AAH 
100 
200 
300 
400 
500 
BAH 
100 
200 
300 
400 
500 
CAH 
100 
200 
300 
400 
500 
166 2 
1162 
105 4 
100 7 
99 4 
92 1 
92 6 
85 1 
82 6 
77 3 
71 9 
90 9 
77 0 
70 8 
70 1 
640 
23 7 
166 
9 6 
9 0 
61 
— 
30 1 
36 6 
39 4 
40 2 
44 6 
44 3 
48 4 
50 3 
53 5 
56 7 
45 3 
53 6 
57 4 
57 8 
61 4 
85 7 
90 0 
94 2 
94 6 
96 3 
617 
43 1 
39 1 
37 4 
36 9 
34 2 
34 4 
31 6 
30 6 
28 6 
26 7 
33 7 
28 6 
26 3 
26 0 
23 8 
88 
61 
3 5 
3 3 
2 3 
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100 -
LU 
0 100 700 300 400 500 
Inhibitor Concentration (ppm) 
Fig 1(a) Vanation of inhibition effiaency witfi 
inhibitor concentration in 1 N HjSO^ 
(1) SAH (2) AAH (3) BAH (4) CAH 
100 -
LU 
Immersion T ime(hrs) 
Re 1c vanation of inhibition effiaency with 
immersion time in 1 N H^SO^ 
(1) SAH (2) AAH (3) BAH (4) CAH 
The influence of acid concentration on inhibition 
efficiency is shown in Fig 1(d) The inhibition 
efficiency of BAH is increased with increase in 
acid concentration However, hydrazide of SAH, 
AAH and CAH do not change with increase in 
acid concentration This suggests that these three 
compounds are effective corrosion inhibitors in 
acid solutions of different concentrations 
TOO -
LU 
30 AO 50 
Solution Temperature 
Fig lb Vanation of inhibition effiaency with 
solution temperature in 1 N H^SO^ 
(1) SAH (2) AAH (3) BAH (4) CAH 
The effectiveness of a compound as corrosion 
inhibitor depends on the structure of the organic 
compounds [13] Presence of (-C=C-) group in 
conjugation with aromatic ring plays a major role 
in increasing efficiency, inhibition of corrosion of 
mild steel m acidic solutions by the hydrazides 
can be explained on the basis of molecular 
structure It is apparent from the molecular 
structures that these compounds are able to get 
100 -
LU 
Acid Concentration (N ) 
Fig Id Vanation of inhibiton effiaency with 
aad concentration in 1 N HjSO^ 
(1) SAH (2) AAH (3) BAH (4) CAH 
2i7 
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adsorbed on the metal surface through 7i-electrons 
of aromatic ring and lone pair of electrons of N-
and 0 atoms and as a protonated species like 
amines [13] Among the compounds investigated in 
the p iesent study, CAH has been found to give 
the best performance as corrosion inhibitor This 
can be explained on the basis of the presence of 
an additional 7c-bond between carbon atoms 
(-C=C-) in conjugation with aromatic ring These 
extensively delocalised n-electrons favour greater 
adscipt ion on the metal surface as compared to 
other compounds. Lesser inhibition efficiency has 
been shown by SAH and AAH as compared to 
BAH may be a t t r ibuted to the orientation of 
subst i tuted groups, which prevent their flat 
orientation on the metal surface causing less 
adsorption and thereby less inhibition efficiency 
[14] 
The values of inhibition efficiency for these 
compounds in combination with KI obtained from 
weight loss and electrochemical data are given in 
Table III. It is found tha t IE of all these four acid 
hydrazides increase on the addition of KI due to 
synergism [15]. the values of synergism parameter 
(S,) were calculated by using the relationship 
given by Aramaki and Hackerman (1969) 
I . = inhibition efficiency of the anion, I2 = 
inhibition efficiency of the cation, I'j^j ~ Measured 
inhibition efficiency for the cation m combination 
with anion 
The values of Sj for different acid hydrazide in 
1 N H2SO4 in combination with iodide ions are 
given 111 Table III and are found to be greater 
than unity, suggest thereby t h a t the enhanced 
inhibition efficiency caused by the addition of 
iodide ions to these compounds is due to 
synergistic effect [16]. 
The values of activation energy ( E J were 
calculated using the Arrhenius equation [17-18] 
In 
r^ \ 
K'^J 
-E, AT 
R X T, X Tj (3) 
where r , and r^ are corrosion ra tes a t t empera ture 
T, and Tj respectively. AT is the difference in 
temperature (Tj -T^) 
The free energy of adsorption a t different 
temperatures was calculated using the equation 
given below. 
^G,ds = -RTln(55 5K) (4) 
(1) 
and K is given by 
where 1,^ 2 = (I, + y -(I , Ij) (2) 
K = 
c(i-e) (5) 
TABLE III: Inhibition efficiency of acid hydrazides 
obtained from weight loss measurements in 
absence and presence of KI in H2SO4 
where 9 is degree of coverage on the metal 
surface, C is the concentration of inhibitor in 
Inhibitor 
SAH 
AAH 
BAH 
CAH 
Inhibitor 
concn 
(ppm) 
100 
100 
100 
100 
100 
100 
100 
100 
KI 
concn 
(ppm) 
100 
100 
— 
100 
— 
100 
Inhibition Sj nergistic 
efficiency parameters 
(%) (S,) 
35 2 
78 8 
46 5 
77 9 
50 2 
89 5 
84 8 
97 0 
2 44 
1 93 
— 
3 80 
— 
4 16 
TABLE IV: Activation energy 
adsorption (AGjdi) for mild 
absence and presence of 
Inhibitor 
concn 
(ppm) 
IN H2SO4 
SAH 
AAH 
BAH 
CAH 
(KJ/ 
mole) 
29 42 
31 68 
34 69 
34 02 
68 71 
303 K 
— 
29 26 
3051 
30 93 
38 45 
(Ej) and free energy of 
steel in 1 N H2SO4 in 
various inhibitors 
-AC«h (KJ/mole) 
313 K 
— 
30 51 
31 35 
31.76 
38 03 
323 K 
— 
30 93 
32 18 
32 60 
38 45 
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moleA and K is equilibrium constant. The value 
of E^ and AG^ j^ are given m Table IV. The low 
and negative value of AG^j^ indicates the 
spontaneous adsorption of inhibitors on the surface 
of mild steel. The negative value of AG^j^ also 
suggests the strong interaction of the inhibitor 
molecules onto the mild steel surface [19,20]. It is 
found that E^ values for inhibited system are 
higher than that of uninhibited system, which 
indicate that the inhibitors are more effective at 
lower temperatures [21] 
Application of adsorption isotherm 
The value of surface coverage (9) obtained from 
weight loss, data are plotted against log C for 
different concentrations of the compounds. The 
straight line thus obtained (Fig. 2) indicate that 
the adsorption of these compounds in acid on the 
mild steel surface follows Temkin's adsorption 
isotherm [22,23] 
Potentiodynamic polarization studies 
The cathodic and anodic polarization curves of 
mild steel in 1 N HjSO^ in the presence and 
absence of different inhibitors at 500 ppm 
concentration at 301 ± 2 K are shown in Fig. 3. 
(H 0 6 -
2 2 2< 
tog C(ppm) 
2 6 2 6 
Fig 2 Temkin's adsorption isotherm plots for 
le adsorption of vanous intiibitors in 1 N H,SO 
(1) SAH (2) AAH (3) BAH (4) CAH 
-400 
tu 
u -500 
> 
> 
e -600 
o 
c 
1 -700 
c 
" ' ' • ~ - ^ ^ 
-
- soo-
1 ,^> 
i <• 
x^V 
\ 
1 
1 
0001 0 01 0.1 1 0 
Curren t Density (mA cm"^) 
10 10 0 
Fig 3 Potentiodynamic curves for mild steel in 1 N H^SO^ in 
ttie presence and absence of 500 ppm of vanous intiibitors 
(1) HjSO^ (2) SAH (3) AAH (4) BAH (5) CAH 
Vanous corrosion parameters such as E^^ ,^ I^,^ 
and IE obtained from these curves are given in 
Table V. It is observed that the presence of the 
hydrazides decreases the I „ ^ values. Maximum 
decrease m I^^ is observed in case of CAH. In 
case of CAH E^^^ value does not show any 
significant change in the acid solution suggesting 
that It is mixed type inhibitor. While all other 
hydrazides namely SAH, AAH and BAH are found 
-to act predominantly as cathodic inhibitors in 1 N 
HjSO, 
TABLE V: Electrochemical polarisation parameters for 
the corrosion of mild steel in 1 N H2SO4 containing 
optimum concentration of various inhibitors at 
301 ± 2 K 
Inhibitor 
concn 
(ppm) 
IN H2SO4 
SAH 
500 
AAH 
500 
BAH 
500 
CAH 
500 
''corr 
(mV vs 
SCE) 
-550 
-588 
-575 
-590 
-558 
corr 
(mA.cm^) 
0 360 
0 080 
0 068 
0 059 
0 032 
IE 
(%) 
77 8 
81 1 
83 6 
91 1 
259 
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CONCLUSION 
n The acid hydrazides has shown good 
performance as corrosion inhibitors in sulphuric 
acid media 
n IE of these hydrazides has enhanced on 
addition of Kl due to synergism 
a All of the four acid hydrazides have inhibited 
corrosion by adsorption mechanism and the 
adsorption of these compounds from acid 
solution followed Temkin's adsorption isotherm 
a All the compounds have acted as cathodic 
inhibitors in HjSO^ except CAH, which has 
behaved predominantly as mixed inhibitor in 
1 N H ,SO, 
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STUDIES ON HIGH PERFORMANCE PICKLING INHIBITORS FOR 
HOT SULFURIC ACID 
M A QURAISHI* AND JAVA RAWAT 
Corrosion Research Laboratory, Department of Applied Chemistry, 
Faculty of Engg & Tech, Aligarh Muslim University, Aligarh, Uttar Pradesh 202 002. INDIA 
[Received: 16 April 2001 Accepted: 05 February 2002] 
The inhibiting effect of Phenyl thiobisformamidine (PTBF), Anisidyl thiobisformamidine (ATBF), Tolyl 
thiobisformamidine (TTBFJ and 4-chlorophenyl thiobisformamidine (CPTBF) on corrosion of mild steel 
(MS) in 20% sulfuric acid (HTSO^) was investigated by weight loss method at 368 K and the results were 
compared with commercial corrosion inhibitor under similar conditions. Various techniques such as 
potentiodynamic polarization, electron impedance spectroscopy (EIS) and hydrogen permeation were used 
in the present study. All the techniques demonstrated better performance of CPTBF in presence of 
potassium iodide (KI) than that of the commercial corrosion inhibitor Melasave. 
Key words: Sulfuric acid pickling corrosion inhibitor, electrochemical impedance spectroscopy, potentiodynamic 
polarization, hydrogen permeation, weight loss, thiobisformamidine. 
INTRODUCTION 
Hydrochloric acid and sulfuric acids are widely 
used for pickling of metals. Hydrochloric acid has 
two drawbacks as pickling agent: - it causes 
chloride induced s t ress corrosion cracking and also 
causes over pickling of metals. Thus in order to 
obviate these limitations sulfuric acid is preferred 
over hydrochloric acid. Effective corrosion 
inhibitors used in sulfuric acid include sulfur and 
nitrogen/sulfur containing compounds such as 
sulphoxide, sulfides, mercaptobenzothiazole, 
thiazole, thiourea derivatives, indole, thiophene 
and benzothiazoles [1-7]. Most of the compounds 
are ei ther highly toxic or induce hydrogen uptake 
by metals or are thermally unstable. Thus, the 
choice for using inhibitor in 20% sulfuric acid at 
368 K is limited. In view of these observations 
there is a necessity for development of new 
inhibitor for sulfuric acid 
In continuation of our work on development of 
pickling inhibitors [8-10] we have synthesized four 
organic inhibitors namely:- Phenyl thiobisforma-
midine (PTBF), Anisidyl thiobisformamidine 
(ATBF), Tolyl thiobisformamidine (TTBF) and 
4-chlorophenyl thiobisformamidine (CPTBF) with a 
view to study its inhibiting properties on the 
corrosion of MS in 20% H2SO4 at 368 K and to 
compare their inhibiting performance with a 
commercial corrosion inhibitor, Metasave (Indian 
Pa tent , 1984) [11]. 
' Author for correspondence 
E.XPERIMENTAL METHODS 
The mild steel s t r ips having chemical composition 
C = 0.14%, Mn = 0.35%, Si = 0.17%, S = 0.025%, 
P = 0.03% and remainder Fe were used for all 
experimental tes t ings. For weight-loss 
measurements , MS s t r ips of 36 cm^ (5.76 in^) 
were used. For potentiodynamic polarization, 
electrochemical impedance and hydrogen 
permeation studies, MS str ips with an exposed 
area of 1 cm^ (0.16 in^) were used. 
MS specimens were polished mechanically with 
emery papers of 1/0 to 4/0 grades. They were 
degreased subsequently with trichloroethylene 
(CCI2 = CHCl) and analytical reagent - grade 
H2SO4 were used for prepar ing solutions. Inhibitor 
was synthesized following procedures reported 
previously [12]. The molecular s t ructure of 
synthesized inhibitor is given in Table I. Weight 
loss experiments were done according to ASTM 
methods described previously [13-14]. Tests were 
conducted in 20% HjSO^ for 600 and 45 seconds 
at 368 ± 2 K. Polarization curves were recorded 
potentiodynamically (1 mV/S) using a cell 
assembly consisted of MS as working electrode, 
plat inum as the counter electrode and a sa turated 
calomel electrode (SCE) as the reference electrode. 
Nyquist plots for MS in 20% H2SO4 containing 
different concentrations of CPTBF and Metasave. 
were recorded using an EG & G PARC model-M 
6310 system with M398 software at 308 ± 2 KL 
Hydrogen permeation studies were carried out in 
219 
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the absence anci presence of different 
concentrat ions of CPTBF and Metasave in 20% 
H2SO4 at 308 ± 2 K using an adaptat ion of the 
modified Devanathan - Stachurski two 
compar tment cell as reported in our previous work 
[15]. 
RESULTS AND DISCUSSION 
Weight loss studies 
The values of metal loss (%) and inhibition 
efficiency (IE) obtained from weight loss 
measurement for different concentrations of all 
four thiobisformamidines in absence and presence 
of KI and commercial corrosion inhibitor in 20% 
HjSO^ for 600 and 45 seconds are given in 
Table II. 
The values of metal loss and inhibition efficiencies 
of all compounds were found to depend on their 
molecular structure. The inhibition efficiencies of 
these compounds have been found to be in the 
following order: 
CPTBF > ATBF > TTBF > PTBF (1) 
Among these compounds the chloro derivative 
showed the highest IE which may be at tr ibuted 
to the [act tha t its dipole moment is more than 
t ha t of the other compounds [16]. The better 
performance of methoxy derivative (ATBF) than 
methyl derivative (TTBF) can be explained on the 
basis of "Pearson's hard and soft base principle 
(HSAB)". Methoxy derivative being a hard base 
forms a strong bond with ferrous and ferric ions, 
which leads to more adsorption and inhibition. In 
case of methyl substi tuted thiobisformamidine the 
TABLE I: Molecular structures of the inhibitors used 
Molecular Structure 
(OV—NH-C-S-C-NH, 
NH NH 
H s C — O l ) — N H - C - S - C - NH, 
NH NH 
H3CO -(())— N H - C - S - C - Nlh 
^ ^ II \[ 
NH N^H 
C l - ( 0 > — N H - C - S - C - N I i j 
\ i ^ II II 
1 ^ NH 
Name and Abbreviation 
Phenyl Thiobisformamidine 
(PTBF) 
Toiyl Thiobisformamidine 
(TTBF) 
Anisidyi Thiobisformamidine 
(WEF) 
4- Chloiophenyl Thiobisformamidine 
(CPTBF) 
inductive effect of methyl group makes the 
nitrogen center a soft base so ferrous and ferric 
ions form a weak bond with soft base. This may 
lead to lesser adsorption and inhibition than 
methoxy derivative [17]. 
It is seen tha t percentage metal loss for 
synthesized inhibitor viz. CPTBF + 0.25% KI is 
two t imes less than that of metasave in 2t)% 
H2SO4 at 368 ± 2 K. The high IE of CPTBF may 
be at t r ibuted to presence of lone pair of electrons 
on nitrogen and sulfur atoms through which it can 
adsorb strongly on the metal surface. In addition 
to presence of lone pair of electrons it can also 
adsorb through protonated specimen. It is also 
seen from the results t ha t IE of all 
TABLE II: Corrosion parameters obtained from 
weight loss measurements in 20% H2SO4 containing 
different concentrations of CPTBF witl) and without 
KI and metasave at 368 ± 2 K 
Inhibitor Immersion Metal loss I.E. 
concn (ppm) time (sees) (%) (%) 
Blank 
500 CPTBF 
1000 CPTBF 
500 CPTBF 
+ KI 
500 ATBF 
1000 ATBF 
500 ATBF + 
KI 
500 TTBF 
1000 TTBF 
500 TTBF + 
KI 
500 PTBF 
1000 PTBF 
500 PTBF + 
KI 
Metasave 
600 
45 
600 
45 
600 
45 
600 
45 
600 
45 
600 
45 
600 
45 
600 
45 
600 
45 
600 
45 
600 
45 
600 
45 
600 
45 
600 
45 
5.940 
1.450 
0.226 
0.050 
0.128 
0.048 
0.092 
0.047 
0.237 
0.064 
0.169 
0.058 
0.122 
0.056 
0.292 
0.101 
0.180 
0.074 
0.122 
0.067 
0.226 
0.050 
0.128 
0.048 
0.092 
0.047 
0.190 
0.088 
— 
— 
96.74 
96.95 
98.06 
97.12 
98.67 
97.20 
96.42 
95.95 
97.87 
96.71 
98.33 
96.92 
96.29 
94.88 
97.61 
96.27 
98.38 
96.39 
95.83 
93.21 
97.5 1 
93.95 
98.18 
94.95 
96.60 
93,20 
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thiobisformamidines increase on addition of small 
amount of KI owing to synergism, according to 
which iodide (O ions are initially adsorbed on the 
metal surface thereby increases negative charge on 
the metal surface which facilitates adsorption of 
protonated thiobisformamidine and leads to 
reduction in metal loss [18] 
Potentiodynamic polarization studies 
The polarization behavior of MS in 20% HjSO^ in 
absence and presence of different concentrations of 
CPTBF and Metasave is shown in Fig 1 
Electrochemical parameters such as corrosion 
current density (I^„„) »"^ corrosion potential 
(E^„) calculated from Tafel plots for all 
thiobisformamidines are given in Table III The 
results clearly show the decrease in ! „„ values for 
all the synthesized compounds It is apparent from 
the results that the IE of the CPTBF+0 25% KI 
is higher (98 8%) than metasave (95 2%) The 
shifting of E^rr indicated that Metasave is a mixed 
inhibitor svhile all four thiobisformamidine 
compound are predominantly cathodic inhibitor in 
20% H2SO4 
Electrochemical impedance studies 
Electrochemical impedance measurements were 
carried out at E„„ for the frequency range from 
10 kHz to 100 mHz Nyquist plots obtained from 
the impedance studies in 20% H2SO4 containing 
different concentrations of CPTBF and Metasave 
are shown in Fig 2 Various parameters such as 
charge-transfer resistance (RJ, double- layer 
capacitance (Cj^ and IE were obtained from 
impedance measurements are given in Table FV 
R^  \alues were calculated from the difference in 
impedance at lower and higher frequencies as 
reported elsewhere [19] 
CPTBF and Metasave exhibited more than 99% 
IE as calculated from R^  values The decrease in 
Cdl values in presence of inhibitors indicated that 
these inhibitors inhibit corrosion by adsorption 
mechanism 
Hjdrogen permeation studies 
Hydrogen permeation current Vs time for MS in 
20% H2SO4 in absence and presence of CPTBF 
and Metasave are shown in Fig 3 It is found 
that reduction of hydrogen permeation current is 
four times more for CPTBF + 0 25% KI than 
commercial inhibitor in 20% H2SO4 solution The 
reduction of hydrogen uptake could be attributed 
to adsorption of thiobisformamidine on MS surface, 
which prevented permeation of hydrogen into 
metal 
CONCLUSION 
D All compounds have shown good inhibition 
efficiencies in all concentrations 
n CPTBF containing 0 25% KI showed two times 
less metal loss as compared to metasave in 20% 
H2SO4 at 368 ± 2 K 
D All thiobisformamidines showed predominantly 
cathodic behavior while metasave exhibited 
mixed behavior in 20% H2SO4 
TABLE in. Electrochemical polarization parameters 
for MS in 20% H2SO4 containing different 
concentrations of thiobisformamidines with and 
without KI and commercial inhibitor at 308 ± 2 K 
Currtnt dtni \y i m A crry ) 
Fig 1 Typical potentiodynamic polanzation curves for MS in 
20 % HjSO^ containing different concentrations of inhibitors 
1 Blank 2 500 ppm CPTBF, 3 1000 ppm CPTBF 
4 500 ppm CPTBF +KI 5 500 ppm Metasave 
Inhibitor concn 
(ppm) 
20% H2SO4 
500 CPTBF 
1000 CPTBF 
500 CPTBF + KI 
500 A T B F 
1000 ATBF 
500 ATBF + KI 
500 TTBF 
1000 TTBF 
500 TTBF + KI 
500 PTBF 
1000 PTBF 
500 PTBF -1- KI 
Metasave 
(mV) 
-524 
-528 
-530 
-552 
-532 
-534 
-540 
-538 
-530 
558 
-544 
-550 
-560 
522 
(mA/ cm^) 
16 00 
0 43 
0 25 
0 19 
0 59 
0 42 
0 26 
0 68 
0 50 
0 38 
0 76 
0 52 
0 40 
0 76 
IE 
(%) 
— 
97 31 
98 44 
98 81 
96 31 
97 38 
98 38 
95 7^ ; 
96 88 
97 63 
95 25 
96 75 
97 50 
95 25 
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Fig. 3: Hydrogen permeation curves Vs time for MS in 
20% HjSO^ in absence and presence of inhibitors 
1. Blank, 2. 500 ppm Metasave. 3. 500 ppm CPTBF 
4 1000 ppm CPTBF, 5 500 ppm CPTBF +KI 
Fig.2; Nyquis! plots for MS in 20 % H^SO^ containing 
different concentrations of inhibitors 
(a) Blank (t)) 1. 500 ppm CPTBF, 2 500 ppm Metasave, 
3. 1000 ppm CPTBF, 4. 500 ppm CPTBF +KI 
n CPTBF containing 0.25% KI showed more \ 
value than metasave thereby giving more 
inhibition efficiency. 
a CPTBF containing 0.25% KI showed four times 
reduction of hydrogen permeation into the 
metal. 
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INFLUENCE OF DITHIAZOLIDINES ON CORROSION INfflBITION FOR 
MILD STEEL IN SULPHURIC ACID SOLUTION 
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Weight loss measurements and potentiodynamic polarization studies show that 3,5-diphenyl-imino-l, 
2,4-dithiazolidine (DPID), 3-phenyl-imino-5-chlorophenyl-imino-l. 2,4-dithiazolidine (PCID), 3-phenyl-imino-
5-tolyl-imino-l, 2,4-dithiazolidine (PTID) and 3- phenyl-imino-5-anisidyl-imino-1, 2-4dithiazolidine (PAID) 
act as effective corrosion inhibitors of mild steel in I N H^SO^ PAID performed best, giving inhibition 
efficiency as high as 99.8% at 500 ppm. All the compounds exhibited more than 90% inhibition efficiency 
even at concentration as low as 25 ppm. Potentiodynamic polarization studies showed inhibition was under 
anodic control. Adsorption on the mild steel surface followed by Temkin 's adsorption isotherm. The values 
of activation energy and free energy of adsorption were also calculated. 
Keywords: Potentiodynamic polarization, corrosion inhibition, Temkin's adsorption isotherm. 
INTRODUCTION 
Organic inhibitors are widely used in various 
industries. Among them, heterocyclic compounds 
comprise a potential class of inhibitors. There is 
a wide consideration in the Hterature regarding 
corrosion inhibition studies by nitrogen containing 
heterocycUcs [1-8]. Heterocyclic compounds 
containing nitrogen and sulphur atoms are of 
particular importance as they often provide 
excellent inhibition compared with compounds 
containing only nitrogen or sulphur [9-14]. The 
corrosion inhibiting property of these compounds 
is attributed to their molecular structure. These 
compounds contain u-electrons and heteroatoms, 
which induce greater adsorption of the inhibitor 
molecules onto the mild steel surface. 
The aim of the present investigation was to 
examine the inhibitive action of the above 
mentioned inhibitors towards the corrosion of mild 
steel in 1 N H2SO4 acidic solution. 
EXPERIMENTAL 
Mild steel strips of size 2 cm x 2 cm x 0.025 cm 
were used for weight loss measurements. For 
potentiodynamic polarization studies mild steel 
strips of the same composition coated with 
Lacquer with an exposed area of 1 cm^ were used. 
The composition of mild steel strips used in these 
studies was (wt%); C = 0.14, Mn = 0.35, Si = 
0.17, S = 0.025, P = 0.03 and the rest iron. MiJd 
steel specimens were polished with sequence of 
emery papers of grade 1/0, 2/0, 3/0 and 4/0 and 
degreased with trichloroethylene. AR grade 
H2SO4 (MERK) was used for preparing solutions. 
Double distilled water was used to prepare 
solutions of 1 N H2S0^ for all experiments 
Inhibitors were synthesised in the laboratory 
following procedures reported elsewhere [15]. The 
molecular structures of these compounds are given 
in Table I. 
Weight loss measurements were carried out as 
described in the hterature [16-17]. Potentio 
dynamic polarization studies were carried out 
using EG & G model 173 potentiostatygalvanostat, 
model 175 universal programmer and with X-Y 
recorder model RE 0089. The sweep rate foi-
polarization studies was 1 mV/sec. All the 
experiments were carried out at room temperature 
(301 + 2 K). A platinum foil was used as 
auxiliary electrode and a saturated calomel 
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electrode (SCE) was used as reference electrode for 
potentiodynamic polarization studies. 
RESULTS AND DISCUSSION 
Table II shows the values of inhibition efficiency 
and corrosion rate obtained from weight loss 
measurements for different concentrations of these 
compounds in 1 N H2SO4 for immersion period of 
3 hours. From the calculated weight loss values 
the inhibition efficiency (IE%) and the surface 
coverage (9) at each concentration were calculated 
using the following equations 
( W Q - W ) 
IE (%) = -^HT;—^xlOO 
W„ 
e = 
( W Q - W ) 
W„ 
(I) 
(2) 
where Wg and W are the weight losses in the 
absence and presence of inhibitors respectively. It 
has been found tha t inhibition efficiency (IE) 
increases on increasing the concentration of 
inhibitor. Maximum inhibition efficiency was 500 
ppm in 1 N H2SO4. The corrosion rate and 
inhibition efficiency of these compounds a t 
500 ppm a t different temperatures for 2 hours 
immersion period are given in Table III. The 
corrosion ra te (CR) in mmpy is calcxilated from 
the following equation. 
TABLE I: Names and structures of the compouads used 
S N o 
I 
2 
3 
4 
Stnjcture 
S S 
XX 
H 
s—s 
C r sH»N • ^ ^ N ^ ^ NC4H5 
H 
xTx 
S S 
XX 
CH3OC6H4N ' ^ N " ^ NCtHj 
H 
Name UKI Abfarevutkia 
3,5-djphcnyktfno>o-1^4-
dith»*2o)Kline P P I D ) 
J-phertyl-Bntno-5-
chl0foph«nyl-i;i,4-
drth«2oJidme (PQD) 
3-phoiy ^  I m 1 no-5-
toJykimjno-1^4-
dntifuoiniux (FUD) 
3-phcny 1-im ino-5-
u\nuiy\-imino-] J^4-
diOiuzoJidineCPAlD) 
TABLE II: Corrosion rate for mild steel in 
1 N H2SO4 in the absence and presence of 
different concentrations of various inhibitors from 
weight loss measurement at 298 K for 3 hrs 
Inhibitor 
concn 
(ppm) 
I N HjSO, 
DPID 
25 
50 
100 
200 
300 
400 
500 
PCID 
25 
50 
100 
200 
300 
400 
500 
PTID 
25 
50 
100 
200 
300 
400 
500 
PAID 
25 
50 
100 
200 
300 
400 
500 
Weight 
loss 
(mg) 
166.2 
4.3 
3.5 
2.8 
2.3 
1.9 
1.8 
1.7 
6.0 
3.3 
2.4 
1.5 
1.4 
1.3 
1.0 
2.3 
1.7 
1.6 
1.3 
1.1 
0.7 
0.6 
4.0 
1.5 
1.2 
0.9 
0.6 
0.5 
0.4 
Inhibition 
efficiency 
(%) 
— 
97.41 
97.89 
98.31 
98.61 
98.85 
98.91 
98.97 
96.38 
98.01 
98.55 
99.09 
99.15 
99.21 
99.39 
98.61 
98.97 
99.03 
99.21 
99.33 
99.57 
99.63 
97.59 
99.09 
99.27 
99.45 
99.60 
99.69 
99 75 
Corrosion 
rate 
(mmpy) 
61.70 
1.59 
1.29 
1.04 
0.85 
0.70 
0.66 
0.63 
2.22 
1.22 
0.89 
0.55 
0.52 
0.48 
0.37 
0.85 
0.63 
0.59 
0.48 
0.40 
0.26 
0.22 
1.48 
0.55 
0.44 
0.33 
0.22 
0.18 -
0 15 
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CR A x T x D 
with increase m tempera ture from 303 to 323 K 
(3) indicating tha t the inhibitive film formed on the 
where CR is corrosion rate (in mmpy), W is 
weight loss (in mg), A is area of specimen (in 
sqcm), T IS exposure time (in hr), D is density of 
specimen (in g/cc) 
Inhibition efGciency of these compounds followed 
the order PAID > PTID > PCID > DPID. The 
difference in inhibitive action of these compounds 
can be explained on the basis of their molecular 
s tructures. The presence of methoxy group 
-OCH3 increases the density of elections a t 
nitrogen atoms due to resonance, which facilitates 
stronger adsorption of PAID on mild steel surface, 
this leads to higher inhibition efficiency' of PAID 
than PTID. The liigher inhibition efficiency 
obtained for chloro derivative (PCID) is due to the 
fact tha t its dipole moment is greater than tha t 
of the paren t compound (DPID). Gad-Allah e t al. 
and Quraishi e t al. have also reported tha t 
chloroheterocyclic compovmds give higher inhibition 
efficiency t h a n the pa ren t compound [18-19]. 
From Fig. 1(a), it is clear tha t the increase of acid 
concentration from 1 N to 3 N does not cause 
significant changes in inhibition efficiency values 
thereby indicating t ha t all the compounds are 
effective corrosion inhibitors in acid solutions of 
different concentrations. The effect of temperature 
on inhibition efficiency is shown in Fig. 1(b), it is 
clear tha t inhibition effiaency for aU the 
compounds does not cause any significant change 
TABLE III: Corrosion rate and inhibition efTiciency of 
various inhibitors at 500 ppm concentration at 
different temperatures obtained by 
weight loss measurements for 2 hrs 
Inhibitor 
concn 
303 K 313 K 323 K 
CR 
(ppm) (mmpy) 
IE 
(%) 
CR 
(mmpy 
IE 
(%) 
CR 
(mmpy 
IE 
(%) 
IN 
HjSO, 
DPID 
PCID 
PTID 
PAID 
76 73 
105 
0 39 
0 27 
0 05 
— 
98 62 
99 49 
99 63 
99 70 
98 41 
122 
0 44 
0 33 
0 16 
— 
98 75 
99 54 
99 66 
99 83 
157 08 
156 
0 83 
0 61 
0 33 
— 
99 00 
99 47 
99 60 
99 78 
1 2 3 
Acid Concentration(N) 
Fig 1(a) Vanation of inhibition efficiency with acid concentratKjn in 
HjSO^ solution (1) DPID (2) PCID (3) PTID (4) PAID 
303 313 ^23 
Solution Temperature ( K) 
Fig 1(b) Vanation of Inhibition efTictency with solution temperature 
In 1N HjSO^ solution (1) DPID (2) PCID (3) PTID (4) PAID 
>00 
UJ 9 9 
9 8 
97 
1 
— ^ • ? — 
c 
1 
1 
3 6 24 
Immersion Time(hrs) 
Fig 1(c) Variation of Inhibition effiaency with immersion time 
in IN HjSO^ (1) DPID (2) PCID (3) PTID (4) PAID 
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TABLE IV: Activation energy (Ea) and free energy of 
adsorption (AGxi,) for mild steel in 1 N H2SO4 in 
absence and presence of various inhibitors 
K = e C (1 -8 ) (5) 
Inhibitor 
concn 
(ppm) 
IN HjS04 
DPID 
PCID 
PTID 
PAID 
(KJ/mole) 
29.42 
15.88 
31.64 
32.60 
72.35 
303 K 
— 
42.59 
45.43 
46.06 
46.73 
-AG^ (KJ/ mole) 
313 K 
— 
44.26 
47.19 
47.81 
49.74 
323 K 
— 
46.31 
48.32 
48.90 
50.66 
metal stirface is protective in nature at higher 
tempera tures . The effect of immersion time on 
inhibition efficiency is shown in Fig. 1(c), increase 
in the immersion time does not cause any 
significant changes in inhibition efficiency values. 
The values of activation energy (E^) were obtained 
from Arrhenius equation [20-21]. The free energy 
of adsorption {^G^i) a t different temperatures was 
calculated firom the following equation. 
A G . , , = -RTln(55.5K) (4) 
and K is given by 
where 9 is degree of coverage on the metal 
surface, C is concentration of inhibitor in moIe/1 
and K is eqmhbnum constant. The values of E^ 
and AGgjj are given in Table IV. The low and 
negative values of AG^^^ indicated the spontaneous 
adsorption of inhibitors on the mild steel surface. 
The negative values of AG^j^ also suggest the 
strong interaction of the inhibitor molecules onto 
the mild steel surface [22-23]. 
Application of adsorption isotherm 
A plot of 6 vs log C (Fig. 2) gave straight hnes 
in acid solution. This showed t ha t adsorption of 
these compounds on the mild steel surface from 
1 N H2SO4 obeyed Temkin's adsorption isotherm. 
This also pointed to corrosion inhibition by these 
compounds being a resul t of their adsorption on 
the metal surface. 
Potentiodynamic polarization studies 
The cathodic and anodic polarization curves of 
mild steel in 1 N H2SO4 in the presence and 
absence of different inhibitors a t 500 ppm 
concentration a t 301 ± 2 K is shown in Fig. 3. 
Electrochemical parameters such as corrosion 
0.10 
o) 0.99 
0 99 
t i^-^ 2 2 2A 2 5 
log C ( ppm ) 
2.8 
QOOt OOt 01 ' 0 
C u r r e n t D e n s i t y (mA c m " ^ ) 
10 
Fig. 2: Temkin's adsorption isotherm plots for 
adsorption of various inhibtiors in 1 N HjSO^ 
(1) DPIO (2) PCID (3) PTIO (4) PAID 
the presence and absence of 500 ppm of vanous inhibitors 
(1) 1 N H2SO4 (2) DPID (3) PCID 
(4) PTID (5) PAID at 301 ± 2 K 
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TABLE V: Electrochemical polarization parameters for 
the corrosion of mild steel in J N HjS04 
containing 500 ppm concentration of 
various Inhibitors at 301 ± 2 K 
Inhibitor 
concn (ppm) 
IN H_jS04 
DPID 
PCID 
PTID 
PAID 
^ C O I T 
(mV) 
-550 
-514 
-514 
-518 
-513 
corr 
(mA.cm ) 
0 3600 
0 0047 
0 0037 
0 0034 
0 0014 
IE 
(%) 
— 
98 69 
98 97 
99 05 
99 61 
current density (Icon) ^^^ corrosion potential 
(^corr) <^lculated from Tafel plots are given in 
Table V. The maximum decrease in I,^,^ was 
observed for (PAID). All these compounds have 
been found to act predominantly as anodic 
inhibitors m 1 N H2SO4. 
CONCLUSION 
1. AH the dithiazolidines acted as efficient 
corrosion inhibitors in 1 N HjSO^. 
2. All the dithiazolidines inhibited corrosion by 
adsorption mechanism and the adsorption of 
these compounds from acid solution followed 
Temkin's adsorption isotherm. 
3. All the dithiazohdines examined acted 
predominantly as anodic inlubitors in i N 
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Abstract. 
".-.0 nev/ organic inhibitors, namely dibenzylidene 
acetone (DBA) and Di-N-dimethylaminobenzylidene 
JCrtone (DDABA), have been synthesized in the 
aooratory and their inhibiting action has been evaluated 
: - corrosion of N-80 steel and mild steel (MS; in HCI by 
.-.rignt loss technique These compounds exhibited the 
" " bition efficiency (IE) of 94 4 per cent and 56 5 per cent 
•:• mild steel, whereas for N 80 steel these compounds 
5-c>ved inhibition efficiency (IE) of 99 7 per cent and 73 8 
z~- cent The potendiodynamic polarization studies 
'r.ealed that both the compounds are mixed type 
'"•bitors The noteworthy feature of the investigation is 
•~a; inhibition efficiency (IE) of both compounds increased 
c- addition of potassium iodide (Kl) due to synergism 
£cth the compounds have been found to inhibit corrosion 
c, an adsorption mechanism 
Introduction 
Acidification of petroleum wells is one of the 
most imponant techniques for enhancing oil 
production It is commonly brought about by 
forcing a solution of 15-28 per cent HCI into 
the well to open up near bore channels in the 
formation and hence to increase the flow of 
oil. T o reduce the aggressive attack of the acid 
on tubing and casing materials, inhibitors are 
added to the acid solution during me 
acidifying process (Schmitt, 1984) 
A perusal of the literature (Raman and 
Labine, 1989, Cizek, 1994) reveals diat die 
effective inhibitors used as acidifying 
corrosion inhibitors include acetylenic 
alcohols, alkenyl phenones, aromatic a , / i 
unsaturated aldehydes, nitrogen containing 
heterocyclic compounds, quaternary salts, 
and condensation products of carbonyls and 
amines. 
Among the vanous compounds available, 
acetylenic alcohols are widely used as 
acidifying inhibitors because of their 
commercial viability and effectiveness 
However, these inhibitors suffer from the 
drawbacks thaf 
they are effective only at high 
concentrations; and 
they are extremely toxic in their own 
nght, causing problems of handling and 
waste disposal, and they produce toxic 
vapours under acidifying process 
conditions (Singh and Dey, 1993) 
In continuation of our work (Quraishi et al, 
1996, 1997a, 1997b), we have developed two 
new inhibitors with the following objectives 
to stud\ the corrosion inhibition action of 
two new organic inhibitors, namely 
dimethvlbenzylidene acetone and Di-N-
dimeth\laminoben2ylidene acetone, on 
two industrially useful alloys, viz N-80 
steel and mild steel in 15% HCI, 
to stud\ the mechanism of inhibition 
Bectronic access 
Tre current issue and full text archive of this journal is 
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Experimental 
Mild steel strips having a si7e of 2cm x 2CITI > 
0 6cm (C= 0 14%, Mn = 0 35%, Si = 0 17%,, 
S = 0 025%, P = 0 03%, rest iron) were used 
for weight lo<:s measurement aiid API- N-80 
steel strips ha\ ing a size of 2 SLIIT -• 2 4<_ni 
0 3cm (C = 0 28%, Mn = 1 4S% Si = 
0 20%, P = 0 0 1 5 , S = 0 0 i 5 M<i = 0 1 / 
251 
122 
ot -iC ie nt w 0 J c M) lors o r c s o i 
SM Su oor Alhir H Al ind M A Ou a shi 
Cr = 0 2 /), rest Fe) were used for weight loss 
and potcntiodynamic polarization 
measurements 
For weight loss measurements each 
expenment was performed for 30 minutes at 
105 ± 2°C as per ASTM test Gl -72 (ASTM, 
1987) in a 500ml, three neck, borosil, round 
bottom flask using a condenser The volume 
of acid was kept at 20ml cm"^ of metal as per 
ASTM G 31-72 (ASTM, 1987) 
For potentiodynamic polarization study, N-
80 steel stnps of the same composition with 
an exposed area of Icm'^ were used The 
electrodes were polished with emery paper of 
1/0, 2/0, 3/0 and 4/0 grades and degreased 
ui th acetone Analytical reagent grade HCl 
(Merck) and double distilled water were used 
to prepare solutions of 15 per cent HCl for all 
expenments Potentiodynamic polarization 
studies were earned out using an EG and G 
PARC model 173 potentiostat-galvanostat, a 
model 175 universal programmer, and a 
model RE 0089 X-Y recorder A platinum foil 
was used as an auxiliary electrode and a 
saturated calomel electrode (SCE) was used 
as the reference electrode for 
potentiodynamic polanzation studies Each 
expenment was earned out at ambient 
temperature (28 + 2°C) Organic inhibitors 
used were synthesized in the laboratory as 
descnbed in the literature (Vogel, 1984) The 
structures of the inhibitors are given in 
Figure 1 
Results and discussion 
The result obtained from the weight loss 
method for corrosion rate of mild steel and N-
80 steel in 15 per cent HCl at 105 ± 2 ' C are 
summanzed in Table I These data reveal that 
Figure 1 Molecular structures of the inhibitors used 
Dibenzylideneacetone (DBA) 
Di N-dimethylaminobenzylideneacetone (DDABA) 
^ ^ OS on ^ cJs d Vdie s 
Volunif 3 Nur- I 4 2C01 251 2S 
the corrosion rate ot mild steel is hiaher thnn 
that of N 80 --teel m 15 per cent HCl The 
lower corrosion rate of N 80 than mild steel 
may be attnbuted to the presence of Cr as an 
alloying element m N'-80 steel 
EfTect of synthes ized inh ib i to rs on 
corros ion r a t e of miJd steel a n d N-80 steel 
The values ot corrosion parameters obtained 
from weight loiS studies for mild steel and N-
80 steel in 15 per cent HCl in the absence and 
presence of synthesized inhibitors are given in 
Table I It can be seen that values ot 
inhibition efficiencv ''IE) increase and 
corrosion rates (CR) decrease with inhibitor 
concentration Maximum IE of 94 4 per cent 
and 56 5 per cent was obtained for DBA and 
DDABA at a concentration of 3,000ppm and 
5,000ppm respectiveiv for mild steel uhereas 
in the case ot X-80 steel these compounds 
exhibited inhibition eftlciencv of 99 7 per cent 
and 73 8 per cent at 5,000ppm each 
In the case of DBA, the increase ol 
concentration beyond 3,000ppm brought 
down IE which may be attnbuted to the 
desorption of inhibitors from the metal 
surface 
Synergistic effect of potassium iodide 
The values of inhibuion efficiency (IE) for 
specific concentrations of inhibitors in the 
presence of potassium iodide (KJ) 
(l.OOOppm) are given in Table I It is 
observed that IE of both the inhibitors 
increase on addition ot potassium iodide (KJ) 
due to synergistic effects (Muralidharan et al, 
1997) T~he strong chemisorption of iodide 
ions on the metal surtace is responsible for the 
synergistic effect of iodide ions in 
combination with cation of the inhibitor The 
cation IS then adsorbed by coulombic 
attraction on the metal surface where iodide 
ions are alreadv adsorbed bv chemisorption 
Stabilization of adsorbed iodide ions with 
cations leads to greater surface coverage and 
therefore greater inhibition 
A plot of surface coverage (0) versus log C 
gives a straight line (Figure 2) These 
observations indicate that adsorption of both 
the compounds on steel obey the Temkin 
adsorption isotherm 
P o t e n t i o d y n a m i c polar izat ion studies 
The anodic and cathodic polarization 
behaviour ot \ 80 stt.i.1 in the prcstiieL ind 
ibscncc of OB \ ind DDAB \ is shi, wii in 
A SI li) o( 'jOino nt.w orqii it inhihMors on (Orrosion 
SM Surnoi Alhv h A i ,-tnd M A Quiaishi 
Table I Corrosion parameters obtained from weight 
HC( (105 ± 2 C) containing different concentrations 
1 0 V Adti Conosion Mclliods and MMmal j 
Voijnic 48 Numbei '1 2001 251-2'j4 
loss data from mila steel and N 
of various infiibitors 
I steel in boiling 15 per cent 
System 
15% HCI 
DBA 
1,000 
2,000 
3,000 
4,000 
5,000 
1,000DBA+ 
1,000 Kl 
DDABA 
1,000 
2,000 
3,000 
4,000 
5,000 
1,000DDABA+ 
1,000 Kl 
Weigfit 
(gms 
Mild steel 
7 314 
2 616 
1 279 
0414 
1 557 
1 784 
0 257 
5 689 
4 599 
3 972 
3 493 
3 181 
5 063 
OSS 
) 
N-80 
1.934 
0.118 
0 025 
0 022 
0 007 
0 005 
0.247 
0.735 
0 626 
0.583 
0 528 
0.505 
2.075 
Corrosion 
(mmpy) x 
Mild steel 
12 96 
4 779 
2 331 
0 739 
2.825 
3 148 
0 468 
10 66 
8 721 
7.532 
6 547 
6 037 
9.572 
rate 
10' 
N-80 
2 875 
0 173 
0 037 
0 033 
0 011 
0 007 
0 376 
1 077 
0 922 
0.834 
0 767 
0 733 
2.938 
Inhibitor efficiency 
Mild steel 
-
64 2 
82 5 
94 3 
78 7 
75 6 
94 4 
22 2 
37 1 
45 6 
52 2 
56 5 
45.6 
(IE%) 
N-80 
-
93 8 
98 6 
98 8 
99 6 
99 7 
95 6 
61 9 
67 6 
70 8 
72 6 
73 8 
63 4 
Figure 2 Temkin adsorption isotherm plot for different cofKentrations of inhibitors in 15 per cent HCI 
O'l-
I X 
0 9 
0 6 
U ^ 
34 36 
log C (ppm) 
(a) 
1.0 
0.8 
a= 0 6 
0.4 
0.2 
< 
• ^ 
-
^\ 
^ 2 
3 0 3.2 3 4 3.6 
log C (ppm) 
(b) 
1 DBA, 2 DDABA 
(a) K-80 steel, (b): Mild steel 
also seen that Econ- does not shift significantK 
in the presence of these inhibitoirs, indicating 
that both the inhibitors are mixeci type 
inhibitors; i e they inhibit both anociic and 
cathodic reactions 
Figure 3 The corrosion parameters, such as 
corrosion current densir\' (Icorr)j corrosion 
potential (Ecprr) and percentage inhibition 
efficiency (% IE), are given in Table II. 
The results showed that I^ orr of N-80 in 15 
per cent HCI is 250/; A /cm", and in presence 
of DB.A and DD.'^B.A us salues reduce to 120 M e c h a n i s m 
and 4 5// A /cin" rcspecti\ely, giving an IE of The plausible mechanism of corrosion 
52 per cent and 82 per cent rcspectivclv It is inhibition of N-80/mild steel can be explained 
253 
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Figure 3 Potcntiodyanmic polarization cun^es for N 80 steei in 15 per 
cent HCI in the absence and presence of SOOppm concentrations of 
inhibitors 
-m^ 
rings, whereab DDABA ( C f , H , \ ( C H , ; , CH 
= CH CO CH = CH CfeH^K ^CH, ; , ; 
interacts with the metal surface through lone 
pairs of electrons of r\vo nitrogen and one 
owgen atom and also through the - electrons 
of t\\o benzene nngs Although DDABA has 
more reactive centres as compared to DBA, 
Its inhibition efficiency is less tor rhe gi\en 
concentration due to the steric hinderance of 
ihe rivo meihvl groups present m the 
molecule 
1)01 0 1 
CufTtn dtn-n\ Im \ 
I >> j n k l l ^ ' . l l C I l 2 D D \ B \ ' DBA 
Table II Potentiodynamic polarization parameters for 
corrosion of N 80 steel in '.5 per cent HCI (28 ± 2'=C) 
containing SOOppm concentrations of various inhibitors 
System 
15% HCI 
DBA 
DDABA 
^corf 'corr 
(mV Vs SCE) (// A cm"^) 
-548 250 
-570 120 
-558 45 
IE 
(%) 
-
52 0 
82 0 
on tJie basis of adsorption In acidic solutions, 
inhibitor molecules can exist as cationic 
species which can adsorb on cathodic sites of 
steel and decrease the evolution of hydrogen 
The adsorption of these molecules on anodic 
sites through n electrons and lone pairs of 
electrons present in these molecules may 
decrease anodic dissolution of steel 
Table I shous that inhibition efficiency of 
DDABA is less, compared to DBA, for the 
given concentration This can be explained 
through the following interactions 
DBA (CftH, CH = C H CO CH = 
CH CftHs) can interact with the metal surface 
through lone pairs of electrons of oxygen 
atoms and with r^ electrons of two benzene 
Conclusions 
Both the imestigated compounds (DBA and 
DDABA) were found to be eflectr%e 
inhibitors for the corrosion of mild steel and 
X-80 steel in a 1 5 per cent boiling HCI 
solution 
Both the compounds acted ab mixed t\pe 
inhibitors, and both the compounds reduced 
corrosion by being adsorbed on the metal 
surface 
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ical Treatment 
Development 
and Testing of 
an Improved 
Pickling Inhibitor 
Formulation for Hot 
20% Sulfuric Acid 
M A . QuRAISHI AND JAVA RAWAT, AUgarb Muslim University 
n ^ j i ^ - ^ . . - - -
Thereffectlveness of 1-chlorophenyl-5-phenyl-2, 
;^ 4tdithiobiuret (CPDTB) on corrosion of mild steel 
iii 20°/o^ ~u!furic acid (H^ SO^ ) at SS^ 'C and its comparison 
witii^ a standard commercial corrosion inhibitor were 
investigated. Weight loss, potentiodynamic polarization, 
electrochemical alternating current impedance, and 
hydrogen permeation studies were used to study the 
corrosion-inhibiting performance of the synthesized 
cplripound: CPDTB + potassium iodide (Kl) exhibited better 
sq'rrosion inhibitive performance than that of a 
commercial inhibitor in 20% H,SO. 
rt^^fe^ 
ickling is an important in-
dustrial process used to re-
move mill scales (oxide 
scales) from the metal sur-
face. It is usually conducted 
at temperatures up to 60°C 
in h)'drochlonc acid (HCl) 
and up to a temperature of 93°C Ln sul 
fiiric acid (H,SOp. These conditions re-
quire inhibitors that remain effective 
even under severe conditions of high 
concentrations of acid (20%) and tem-
peratures ranging from 60 to 95°C. 
Effective corrosion inhibitors used 
in H,SO^ include sulfur and nitrogen/ 
sulfur-containing compounds such as 
sulfoxide (R,SO), sulfides, mercapto-
bcnzo th i azo l e (C.H,NS), th iazo le 
(CjHjNS), thiourea derivatives, indole, 
t h i o p h e n e (C^H^S), and benzoth i -
azoles.''^ Asurvey of the literature*^ re-
veals that 2-mercaptobenzothia201c is 
an effective corrosion inhibitor up to 
70°C. It gives improved performance 
when combined with allcj-nols. SuLfo-
nium salts are effective only at ambi-
ent temperature. Thiourea [(NHj)jCS) 
derivatives also constitute an imf>ortant 
class of corrosion inhibitors but ihey 
induce Hj uptake by metals and also 
isomcrizc into toxic compounds. The 
choices of inhibitors for use in strong 
HjSO< at 95°C are limited. Conse-
quently, there is a need for the devel-
opment of a new inhibitor for HjSO^. 
In continuation of our work devel-
oping pickling inhibitors,''" we have 
synthesized an organic inhibitor, 1-
chlorophenyl-5- phenyl-2 , 4-dithio-
biuret (CPDTB), to study its inhibiting 
properties on corrosion of mild steel 
in 20% HjSO^ at 95°C. CPDTB docs not 
produce toxic effects like thiourea de-
rivatives. Its inhibiting performance 
was compared with that of a commer-
cial corrosion inhibitor. 
Test Conditions 
Mild steel strips were composed of 
(wt%) 0.14% C, 0.33% Mn, 0.17% Si, 
0.025% S, 0.03% P, and the balance Fc 
For weight-loss measurements, s tops 
of 36 cm^ (5.76 in.') mild steel v.erc 
used. For potentiodynamic polariza-
tion, electrochemical impedance, and 
hydrogen permeation studies, mild 
steel strips with an exposed area of 1 
cm ' (0.16 in.^) were used. Figure 1 
show.s the molecular structure of the 
svathcsiz.cd inhibitor 
'42 MATERIALS PERFORMANCE 
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FIGURE t 
;-^ 1-chlorophenyI-5- phenyl - 2, 4-dithiobiuret ^ 
'^ICPDTB) 
Molecular structure of synthesized inhibitor 
CORROSION PARAMETERS 
Weight Loss Studies Electrochemical Studies 
Concentration 
(ppm) 
20% H^O. 
500 CPDTB 
1 000 CPDTB 
500 CPDTB 
+ K1 
CP 
Immersion 
Time (s) 
600 
45 
600 
45 
600 
45 
600 
45 
600 
45 
Metal 
Loss (%) 
5 94 
145 
00-3 
0 025 
004-
0 020 
0 0^ 7 
0012 
IE 
(%) 
— 
98 76 
98 21 
99 H 
98 59 
99 30 
9916 
0190 9660 
0 088 93 20 
(mV) 
-524 
-536 
-540 
-538 
-522 
(nA/cmT 
)60 
0 62 
0 44 
036 
0 76 
IE 
{%) 
— 
9612 
97 25 
9775 
95 25 
Parameters obuincd from weight loss mcasuremcms and electrochemical polarization parameters in 
20% H,SO^ containing a) different concentration^ of CPDTB wiih and without KJ and b) commercial 
inhibitor 
Test Procedure 
Weight-loss experiments were done 
according to ASTM m e t h o d s ' Tests 
were conducted m 20% H,SO^ for time 
periods of 6OO s and 45 s at 95 ± 2°C 
Polarization curs'es were recorded 
pote^tlod^^amIcaiiv(J mV/s) using a 
cell assembh consisting of a mild steel 
working electrode, platinum counter 
electrode and a saturated calomel elec 
trode (SCE) as the reference electrode 
Nyquist plots for mild steel in 20°o 
H,SO^ containing different concentra 
tions of CPDTB and corrosion inhibi 
tor were recorded at 33 ± 2°C H\drc)-
gcn permeation studies were earned 
out at 35 ± 2°C using an adaptation of 
the modified Devanathan Siachurski 
tv,o<ompannient cell as reponed in 
pr(.\ lous work "* 
Results and Discussion 
WEIGHT LOSS STUDIES 
Table 1 displays the values of metal 
loss (%) and inhibition efficiency (IE) 
obtained from weight loss measure-
ment for different concentrations of 
CPDTB m the absence and presence of 
potassium iodide (KI) and in a commer-
cial corrosion inhibitor in 20% HjSO^ 
for the 600- and 45 s periods 
The high IE of CPDTB may result 
from the presence of a single pair of 
electrons on nitrogen and sulfur atoms 
throLigh which CPDIB can adsorb 
stronglv on the metal surface In addi 
tion to the presence of these electrons, 
CPDTB can also adsorb through ]5roto 
lined species onto mild steel The ef 
fccts of different CPDTB concentra 
t ions (with ind without KI and 
corrosion inliibitor) arc show 11 in 1 ig 
iires 2 and 3 for 600 and 45 s, rcspcc 
tivcU The figures indicate that per 
centage metal loss for the s%nthesi/cd 
inhibitor CPDTB + 0 25% KI is fnc 
times lower for 600 s and se\en times 
lower for 45 s than that of commercial 
inhibitor in 20% H.SO, at 95 ± 2°C 
The results also indicate tliat the 
IE of CPDTB increases as a small 
amount of KJ is added This occurs 
because of s) nergism, whereby iodide 
ions are initially adsorbed on the metal 
surface and increase the negative 
charge on the metal surface This pro-
cess facilitates adsorption of proto-
nated dithiobiuret and leads to reduc-
tion in metal loss '" 
POTENTIODYNAMIC 
POLARIZATION STUDIES 
Figure 4 shows the polarization be-
hax'iorof mild steel in 20% HjSO^ in the 
absence and presence of different con-
centrations of CPDTB and corrosion 
inhibitor. Electrochemical parameters 
of the synthesized inhibitor such as 
corrosion current density' ( i ^ , corro-
sion potential (E,^, and IE are higher 
(97 7%) than those of the commercial 
inhibitor (95 2%) The shifting of E^ „,, 
mdicates that the corrosion inhibitor 
IS a mixed inhibitor while CPDTB is a 
predominantly cathodic inhibitor in 
20% H^SO, 
ELECTROCHEMICAL 
IMPEDANCE STUDIES 
Electrochemical impedance mea 
surements were earned out at E „^„ fo 
the frequency range from 10 kHz t< 
100 mHz Figure 5 show s Nyquist plot 
obtained from the impedance studic 
in 20% HjSO^ containing different coi 
centrations of CPDTB and corrosio 
inhibitor Charge-transfer resistanc 
(R,) and double la) er capacitance (C^ 
\alues were calcul iicd as rcponcd 1 
previous work " 
Tlie CPD FB and corrosion mhibiti 
ha \e shown -99% IE, as calculate, 
from R, values '1 he decrease in C ,^ \ 
ues in the presence of inhibitors in( 
i fa , 200/ MATERIALS PERFORMANCE 
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FIGURE 2 FIGURES 
/ariation of metal loss (%) with tfrfferent cofrosioo-inhibitive solutions for a 
kiration of 600 s in 20% H,SO.. 
Variation of metal loss (VO wttfi different corrosion-inhibrtive solutions for a 
duration of 45 s in 20% H,SO,. 
FGURE4 
Q 
o 
m 
• > 
> 
E 
o 
Q. 
3 7 0 -
-470 
-570 
-670 
0.1 1.0 10' 
Current Density OnA/cm"*) ;-
10^ 
ypical potentiodynamic polarization curves for mild steel in 20% H^SO, containing different concentra-
lons of inhibitors )) Blank. 2) 500 ppm CPDTB 3) 1.000 ppm CPOTB, 4) 500 ppm CPDTB + Kl 5) 500 
>pm commercial inhibitor 
cated that these inhibitors inhibit cor-
rosion with an a'Jsorption mecha-
nism '-' 
HYDROGEN PERMEATION 
STUDIES 
Figure 6 compares hydrogen perme 
ation current vs time for mild steel in 
20% H.SOj in the absence and pres 
cnceof CPDlTJandCP It suggests that 
the reduction of hydrogen permeation 
current is four times greater for CPDTB 
-t- 0 25% KI than for the commercial in 
hibitor The reduction of hydrogen 
uptake could be attnbuted to adsorp-
tion of dithiobiurct on mild steel sur 
r.ice thereby preventing permeation of 
hydrogen into the metal 
44 MATERIALS PERFORMANCE W. 
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FIGURES 
Conclusions 
CPDTB containing 0 25% KI has 
'ihown five times less metal loss for 600 
s and seven tmies less metal loss for 45 
s test periods than that of a commer 
cial mhibitor in 20% H,SO^ at 95 ± 2°C 
CPDTB containing 0 25% Kl showed 
four times more percent reduction of 
hydrogen permeation into the metal 
It showed predominantly cathodic be 
havior while the corrosion inhibitor ex 
hibited mixed behavior in 20% H^SO^ 
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Abstract 
The influence of some organic acid hydrazides, namely salicylic acid hydrazide (SAH), anthranilic acid hydrazide (AAH), benzoic acid 
hydrazide (BAH) and cinnamic acid hydrazide (CAH) on the corrosion inhibition of mild steel in the presence of 1 N HCl was studied The 
adsorption of all the hydrazides on mild steel surface in the acid solution were found to obey Temkin's adsorption isotherm The values 
of activation energy and free energy of adsorption of all the hydrazides were also calculated The potenuodynamic polanzation studies 
indicated that all the hydrazides except SAH are mixed inhibitors © 2001 Elsevier Science B V All nghts reserved 
Keywords Corrosion, Mild steel, Hydrazides 
1. Introduction 
A perusal .of literature [1-5] reveals that most of the ef-
ficient inhibitors used in industry are organic compounds 
which mainly contain oxygen, sulphur, nitrogen atoms and 
multiple bonds in the molecule through which they are ad-
sorbed on metal surface The selection of a suitable inhibitor 
for a particular system is a difficult task because of the se-
lectivity of the inhibitors and wide vanety of corrosive envi-
ronment Hence the development of new corrosion inhibitor 
IS a necessity The choice of these compounds was based on 
the consideration that these compounds contain -n-electrons 
and heteroaloms such as N and O, which induce greater ad-
sorption of the inhibitor molecules onto the surface of mild 
steel A survey of literature has shown that no work has yet 
been done on organic acid denvatives of hydrazides as cor-
rosion inhibitors 
2 Experimental 
2 1 Material prepaialioii 
AR grade HCl (MERCK) .md double distilled water were 
used for preparing test soluiions of 1 N HCl for all expen 
CoiTLsp Huiiii auili ir 
ments The inhibitors were synthesized in the laboratory fol 
lowing the procedure reported elsewhere [6,7] Synthesized 
compounds were charactenzed through their spectral data 
and their punty was confirmed by thin layer chromatogra 
phy SuTictural formula of the inhibitors examined is gi\er. 
m Table 1 
2 2 Weigh! loss measurements 
The expenments were earned out in 1 N HCl using cold 
rolled mild steel samples of size 2 0 cm x 2 0 cm x 0 6 cm 
having composition C = 0 14%, Mn = 0 35%, Si = 
0 17%, S = 0 025%, P = 0 03%, the remainder Fe The 
expenments were performed as descnbed earlier [8] 
2 3 Electrochemical studies 
For potentiodynamic polarization studies mild steel strips 
of same composition embedded in araldiie(a fixing material) 
with an exposed area of I Ocm^ were used and the expen 
nienls weie carried out at constant temperature of 30±2 C is 
per ASTM, 03-74 and G5 87 [9] Potentiodyn \mic polari? i 
tion studies were earned out using EGdO PARC potentio 
stat/galvanostat (model 17"^ ) universal progiammer (modLl 
175) and X-Y recorder (model RE 0089) A platinum foil 
was used as auxiliary elecliode and a saturated calomel elcc 
node was used as refeience 
(P^A (lSS-4/()l/s si^ h ,11 I,Mil . () i(K)l 1 I LMcr S lui t I) \ All r hi r 
I II S(I''S4 l l> \4 l l ) l )l)029^ J 
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Names jiid structures of the compounds used 
S No Structure Name and abbresiation 
OH 
NHj 
(( j V — C - N H N H 2 
/(0\—C-NHNH2 
(rj\—CH=cn-c- NHNH 
Salicshc acid h>drazide ISMI) 
Anthranilic acid hydrazide (AAH) 
Benzoic acid h>drazide (BAII) 
Cinnamic acid hydrazide (CAII) 
3. Results and discussion 
3.1. Weight loss studies 
The values of percentage inhibition efficiency and cor-
rosion rate obtained from weight loss method at different 
concentrations at 20°C are summarized in Table 2, and 
the variation of inhibition efficiency with concentration is 
shown in Fig. 1. It has been found that all of these com-
pounds inhibit the corrosion of mild steel in HCl solution 
at all concentrations used in this study. It has also been 
observed that the inhibition efficiency for all of these com-
pounds increases with the increase in concentration. 
The values of corrosion rate and inhibition efficiency of 
hydrazides at optimum concentration at different tempera-
tures are given in Table 3. The variation of inhibition effi-
ciency with temperature is shown in Fig. 2. It can be seen 
0 100 200 300 400 500 
Inhibitor Concentration(ppm) 
Fi2 I V.iri.i;(nn oi inhihifK>ii e/fjc;ency with inhihnor concentration in 
I N HCl (I S\H : \ \ H 1 B\H 4 C-\H) 
that inhibition efficiency for all of the compounds does not 
cause any significant change with an increase in temperature 
from 35 to 65°C indicating that the inhibitive film formed 
on the metal surface is protective in nature at higher tem-
peratures. 
Table 2 
Corrosion parameters for mild steel m 1N HCl in the absence and 
presence of different concentrations of various inhibitors from weight loss 
measurements at 20°C for 2h 
Inhibitor Weight loss 
concentrauon (ppm) (mg) 
Blank 
SAH 
100 
200 
300 
400 
500 
AAH 
100 
200 
300 
400 
500 
BA}1 
100 
:oo 
300 
400 
500 
CAM 
100 
:fK) 
300 
400 
6) 80 
IE (%) CR 
(mmyr"') 
34 44 
57 28 
54 19 
51 10 
45 67 
43 63 
47 95 
46 22 
41 62 
38 65 
3^38 
10 83 
9 08 
8 15 
7 16 
741 
9 76 
7 97 
593 
5 65 
? S3 
73 
123 
17 3 
26 1 
29 4 
22 4 
25 2 
32 8 
37 6 
39 5 
83 2 
85 3 
86 8 
SS4 
88 0 
84 : 
87 1 
00 4 
41 0 
9? S 
31 87 
30 20 
28 59 
25 48 
24 45 
26 72 
25 82 
23 14 
21 48 
20 83 
5 85 
5 13 
I 51 
4 13 
4 n 
5 51 
4 47 
3 It 
"09 
; n 
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Table 3 
Corrosion rale and inhibition efhcienq of \anous inhibilors al 500 ppm al different temperatures obtained by weight loss metliod 
Inhibitor concentration (ppm) 35'C 45 C 55''C 6S C 
CR (mmvr"') 
62 80 
38 89 
37 84 
8 13 
451 
IE(%) 
-
38 23 
39 74 
87 02 
92 84 
CR (mmyr-^') 
157 14 
9S96 
96 73 
20 67 
12 54 
IE (%) 
_ 
37 14 
38 42 
86 85 
92 22 
CR (mmyr^') 
237 11 
137 53 
149 40 
32 50 
19 39 
IE (7f) 
_ 
42 32 
37 15 
86 35 
91 81 
CR (mm\r-') 
334 24 
213 99 
220 62 
47 83 
43 46 
IE (<») 
-
36 2^ 
14 22 
85 71 
87 0" 
Blank 
SAH 
AAH 
BAH 
CAH 
35 45 55 65 
Solution Temperature(°C) 
Fig. 2. Variation of inhibition efficiency with solution temperature in 1 N 
H a (1, SAH; 2, AAH; 3, BAH. 4, CAH) 
The variation of inhibition efficiency of all the four hy-
drazides with the immersion time is shown in Fig. 3. It is 
observed that all the tested hydrazides except anthranilic 
acid hydrazide (AAH) shows an increase in the inhibition 
efficiency with the increase in the immersion time from 2 
to 24 h. AAH shows no significant change in inhibition ef-
ficiency with the increase in immersion time 
From Fig. 4, it is clear that the change in acid concentra 
tion did not cause any significant change in inhibition effi-
ciency of all the compounds studied thereby suggesting that 
all the compounds are effective corrosion inhibitors in acid 
solutions of different concentrations. 
The effectiveness of a compound as a corrosion inhibitor 
depends on the structure of the organic compound [10]. 
Presence of -C=C- group in conjugation with aromatic nng 
plays a major role in increasing inhibition efficiency. Inhi-
bition of corrosion of mild steel in the acidic solutions by 
the hydrazides can be explained on the basis of molecular 
adsorption. It is apparent from the molecular structures that 
these compounds are able to get adsorbed on the metal sur-
face through T-electrons of aromatic ring and lone pair of 
electrons of N- and O-atoms, and as a protonated species 
like amines [10]. Among the compounds investigated in 
the present study, cinnamic acid hydrazide (CAH) has been 
found to give the best performance as corrosion inhibitor 
This can be explained on the basis of the presence of an 
additional ir-bond between carbon atom (-C=C-) in con-
jugation with aromatic ring. These extensively delocalized 
6 12 18 24 
Immersion time (hrs) 
Fig 3 Variation of inhibition efficienc> with immersion time in 1 N HCl 
(I SMI 2 AAH. 3. BAH 4 CAH) 
LLI 
100 
80 
60 
40 
20 
0 
-
-
-*^  
, 1 1 
o4 
^2 
-3 
-°1 
, 
05 10 15 20 
Acid Concentration (N) 
fig 4 Variation of inhibition efliciency wiih acid coricenlraiion in 1 .\ 
HCl (1. .SAH 2, AAH 3, BAH 4 CAH) 
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T.ihle 4 
Attivjiion enerizy (£,,) and free energy ot adsorption (AG,jJ for mild 
Mee] in 1 N HCI in the absence and prc';ence of various inhibilors M.iih 
500 ppm 
Inhibitors 
BLi.k 
S\H 
AAH 
BAH 
CAM 
(ppiii) E, (Umor ' 
47 32 
48 45 
49 99 
50 25 
65 14 
-AG,,, , 
15 C 
-
29 54 
29.75 
35 39 
37 53 
(kJmo|-
45 C 
-
30 42 
30 54 
36 52 
38 32 
') 
55 C 
-
31 92 
31 34 
37 53 
39 58 
65 C 
_ 
32 17 
31 92 
39 03 
39 37 
TT-eleclrons favour greater adsorption on the metal surface as 
compared to other compounds. Lesser inhibition efficiency 
shown by salicylic acid hydrazide (SAH) and AAH as com-
pared to benzoic acid hydrazide (BAH) may be attributed to 
the orientation of substituted groups, which prevents their 
flat orientation on the metal surface causing less adsorption 
and thereby less inhibition efficiency. A similar explanation 
has been given earlier [11]. 
The values of activation energy (£a) were obtained from 
Arrhenius equation [12,13]. The free energy of adsorption 
(AGads) at different temperatures were calculated from the 
following equation: 
ACads = -RT\n{55.5K) 
and K is given by 
e 
K = 
C{l-9) 
Fig 5. Temkin's adsorption isotherm plots for the adsorption of various 
inhibitors in 1 N HCI (1. SAH. 2. AAH, 3, BAH, 4, CAH) 
where 9 is the degree of coverage on the metal surface, C 
the concentration of inhibitor in mol 1~' and K the equilib-
rium constant. The values of E^ and AGads are given in Ta-
ble 4. The low and negative values of AGaj, indicated the 
spontaneous adsorption of inhibitors on the surface of mild 
steel. The negative values of AGads also suggest the strong 
interaction of the inhibitor molecules onto the mild steel 
surface [14,15]. It is found that E^ values for inhibited sys-
tems are higher than that of uninhibited systems indicating 
that the inhibitors are more effective at lower temperature 
[16]. 
-500 
UJ 
O 
W 
to 
> 
> 
-600 
0 001 0 01 0 1 1 0 
Current density (m A cm"^ ) 
Ti-j 6 l'( teniu\Kn.imie curves lor MS in 1 N HCI in the presence and absence of various inhibitors coniaining 500ppm iif coiKcnir inon of ihe hydra/ides 
u-L.l .s l^ |^l-ll>n^ (bl.iiik 1 S-\H. 2 AAH.'- B \H. I C \}\) 
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Table 5 
Electrochemical polanzaiion paramelers for the corrosion ot mild steel in 
1 N HCI containing 500 ppm inhibitors at 30 ± 2'C 
Inhibitor concentration (ppm) Ecort ( f '^ l 4„n(mAcm"-) IE (%) 
1 N HCI 
SAH 
AAH 
BAH 
CAH 
-596 
-625 
-614 
-585 
-614 
0 40 
0 17 
0 12 
0 10 
OOS 
57 5 
70 4 
75 2 
81 3 
3.2. Application of adsorption isothenn 
The values of surface coverage ((?) obtained from weight 
loss data were plotted against log C for different concen-
trations of the compounds. The straight line thus obtained 
indicates that the adsorption of these compounds from both 
acids on the mild steel surface follows Temkin's adsorption 
isothenn (Fig. 5). 
3.3. Potentiodynamic polarization studies 
The. cathodic and anodic polarization curves of mild steel 
in HCI in the presence and absence of different inhibitors at 
500 ppm concentration at 28±2°C are shown in Fig. 6. Vari-
ous corrosion parameters such as £con-. ^ cotr and IE obtained 
from those curves are given in Table 5. It is observed that the 
presence of the hydrazides decreases Icm values. Maximum 
decrease in I^Q„ was observed in case of CAH. Ecotr values 
do not show any significant change in the presence of all the 
hydrazides except SAH in the acid solution suggesting that 
all these hydrazides are mixed type inhibitors. SAH has been 
found to act predominantly as cathodic inhibitor in 1 N HCI. 
4. Conclusions 
1. TTie acid hydrazides showed good performance as corro-
sion inhibitors in hydrochloric acid media. 
2. All of the four acid hydrazides inhibited corrosion by 
adsorption mechanism and the adsorption of these com-
pounds from acid solution followed Temkin's adsorption 
isotherm. 
3. All the compounds examined acted as mixed inhibitors 
in HCI except SAH, which behaved predommantly as 
cathodic inhibitor in 1 N HCI. 
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Abstract 
A new corrosion inhibitor nameK 4 s^lic_\lideneamino-3-hydrazmo-5-mercapio 1 2 4-tnazole (SAHMT), has been synthesized and us 
influence on corrosion inhibition of oil-well tubular steel (N-80) and mild steel in 15% hydrochloric acid (HCl) solution under boihng 
condition has been studied using weigh' loss method Potentiodynamic polarization measurements clearly reveal that the investigated 
inhibitor is of mixed i\pe and it inhibit-- 'Jie corrosion of both the steels b\ blocking the active site of the metal The adsorption of the 
mhibiior on the metal surface from 15*7 HCl has been found to obey Temkin s adsorption isotherm The performance of the SAHMT 
v^ as compared uith that ot propargvl alcohol (PA I a standard corrosion mhibitor for acidization © 2001 Elsevier Science B V All rights 
resened 
Ke\Kords Corrosion inhibition Tnaiole N !^ | «ieel Mild sieel Temkin's adsorption 
1. Introduction 
Corrosion inhibitors ha\e assumec great significance in 
recent years due to their uide applicuiion in preventing cor-
rosion under range ot corrosive envronments Literatures 
(1—I] indicated that a \ariet> of organic corpipounds are 
effective as corrosion inhibitors dun g acidization includ-
ing acetylenic alcohols aromatic a p unsaturated aldehydes, 
a-alkeny! phenones nitrogen and su'-ur containing hetero 
cyclic compounds quaieman ammonum s_lis and conden-
satior products of carbonvls and ami'es 
Among these compounds acetvler ,. alcohols are widely 
used as acidizing inhibitors in industrN rs^cause of their tom-
mercial viabihts andetlectiveness Ho v ever these inhibitors 
suffer from the following drawbacks ii the\ produce toxic 
vapors under acidizing conditions (iiiLhev -j-e effective only 
at high concentrations Because ot tris there exist a need 
for the development ot new acidizing inhibitors 
In continudiion ot our work on dd'Nelopmeni of acidiz-
ing inhibitors [5-8] we have svnth^sized a new triazole 
based inhibitor bearing both hydr-zino -nd azomethine 
group in the same molecule with _ view lo evaluate its 
corrosion inhibition properties on mi'd steel and N 80 steel 
Corre^pondinj^ autlu r 
f niutladdnw d iiiisti) iniai<?enjland com ^' \ Q„ aishi) 
in 15"^ boiling hydrochloric acid (HCl) The synthesized 
inhibitor is more environmentally benign, has low tox 
icity and is more cost effective compared to acetylenic 
alcohols 
2. Expenmental 
2 / Material preparation 
AR grade HCl (Merck) and doubled distilled water v>erc 
used for preparing test solutions of 15% HCl for all expert 
ments The inhibitor was synthesized in our laboratory fol 
lowing the procedures reported elsewhere [9] and the com 
pound was characterized through its spectral data and its 
puntv was confirmed by TLC (thin layer chromatograph\ ) 
Structural formulae of the inhibitor examined are given in 
Table 1 
2 2 Ufiu/ir loss rneasLiieinents 
Corrosion experiments were carried out in 15% HCl us 
ing \ 80 steel of size 2 0cm x 1 0cm x 0 7 cm hivin^ 
composition C = 0 028%, Mn = I 48% Si = 0 17^ < 
S = 0 026%, P = 0 015%, S = 0 015% Mo = 0 Kr 
Cr r= 0 2% Al = 0 007% the remainder I e ind cold rolltd 
0^5-1 0->S4/()l/s s t i tr r n i i t l i r O ^IK)I [ 
I'll S i P s 4 0 s . (Ill ) < ') ^ 
MLT s 1 iiL,^  [> \ /\\\ ri Ills reserved 
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r.ble I 
\ j m e and smaiurc of [he ctiinpound used 
\ j n i e Strui-tural formula Abbre\!aIion 
N N' 
V ilis\)idntc inuno "< h)dn/inf) :> mere ipto 1 2 4 in i/ole 
HO' 
SAHvn 
mild sieel samples of size 2 0cm x 2 0cm x 0 6cm hav-
ing composition C = 0 14%, Mn = 0 35%, Si = 0 17%;, 
S = 0 025% P = 0 03% ihe remainder Fe The experi-
ments were pertormed in a 500 ml three neck round bottom 
flask using a condenser at 105 ± 2 C as per ASTM, G 1-72 
[10] 
1 3 Eleaiocheniical nieasureineius 
For potentiodsnamic polarization studies, mild steel 
stnps and N-80 steel of the same composition embedded in 
araldite (a fixing material) uith an exposed area of 1 Ocm^ 
were used and the experiments were carried out at a tem-
perature ot 28 ± 2 C as per ASTM, G 3-74 and G 5-87 
[10] Potentiodsnamic polarization studies were earned 
out using EG and G PARC (USA) potentiostat/gaivanostat 
(model-173) universal programmer (model-175) and X-Y 
recorder (model-RE 0089) A platinum foil was used as aux-
iliary electrode and a saturated calomel electrode served as 
reference 
100 
€ 80 
^ 60 
1 -'0 
20 
« 1 
^ 2 
1 
1000 2000 3000 4000 5000 
Cone (ppm) 
Fig 1 Vanation of IE with inhibitor concenlralion for mild steel for 0 5 h 
of immersion time (I) PA. (2) SAHMT 
3. Results and discussion 
i ] Weigh] loss snidies 
Vanation ot inhibition etficienc\ (IE) with addition of 
different concentrations ot SAHMT and propargyl alcohol 
(PA) tor 0 5 h of immersion time in 15% HCl under boiling 
condition has been shown in Fig 1 It has been found from 
the figure that IE increases w ith the increase in concentration 
from 1000 to 5000 ppm tor both the inhibitors The IE values 
of the examined SAHMT at ^000 ppm w as found to be more 
than 91 6% 
The corrosion inhibition tests at different immersion times 
were also carried out on N 80 steel under similar conditions 
using ^OOOpprn concentration of SAHMT (Fig 2) Its IE 
v\as found to decrease slightl) on increasing the duration of 
the immersion time from 0 5 to 6 Oh 
3 2 LUiliOiliiinical snidus 
\arious corrosion parameters such as Lorrosion current 
densitN (/^,,,) corrosion potcnti il (/- .^.rr) 'nd pcicentage IE 
(%1E) are given in Table 2 Potentiodynamic polanzation 
curxes for N-80 and mild steel in 15% HCl in the absence 
and presence of PA and SAHMT are shown in Figs 3-6 It is 
seen that both the inhibitors viz PA and SAHMT decreases 
Time (hour) 
f i j 2 Vanation o^ ]V with ninicrsion time for N S{1 sleel in ihc preseiKc 
( f S \ H M T 
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Ck'Clr(Klicniical polarizalKm parjiiieicrs for ihe corrosion of N-SO sieei 
and mild steel in l.S'i'r HCI containing various concentrations of various 
inhibitors at 2X ± 2 C 
Inhibitor 
concentration (ppni) 
15% HCI 
PA 
250 
500 
750 
1000 
SAHMT 
250 
500 
750 
lOOO 
15'> HCI 
PA 
250 
500 
750 
SAHMT 
250 
500 
750 
1000 
T^ pe of 
steel 
N-80 steel 
N-80 steel 
N-80 steel 
N-80 steel 
N-80 steel 
N-80 steel 
N-80 steel 
N-80 steel 
N-80 steel 
Mild steel 
Mild steel 
Mild steel 
Mild steel 
Mild steel 
Mild steel 
Mild steel 
Mild steel 
i.;„n 
(mV) 
-54S 
-569 
-574 
-574 
-577 
-532 
-550 
-556 
-550 
-539 
- 5 1 6 
-522 
-523 
-5-H 
- 5 6 3 
-551 
-551 
u„ 
(niAcni"" 
0 47 
0.38 
0 26 
0 14 
0.13 
0.28 
0.27 
0.24 
0.22 
3.50 
0.06 
0.06 
006 
0.80 
0.60 
0.50 
0.35 
ii; 
C f^) 
-
19 15 
46 68 
70 20 
72 34 
40 42 
42 55 
48 93 
53.17 
-
98.29 
98 29 
98.29 
77.14 
82 85 
85.71 
90.00 
Icon significantly ai all the stutJied concentrations. It is also 
seen from the results that PA shifts the £corT of mild steel 
towards noble side therefore suggesting that it is an anodic 
inhibitor, while it shifts the E;orr of N-80 steel towards the 
active direction indicating that it is predominantly a cathodic 
inhibitor. As SAHMT does not cause significant chanae in 
Z:\on values of N-80 .steel suggesting th.ii ii is a mixed upc 
mhibitor, £corr values of the studied inluhilurs suggest ih.il 
PA IS predominantly cathodic 
i . j . Application of adsorption isotherm 
In order to understand the mechanism ol corrosion iii 
hibition, the adsorption behavior of the orgjtuc adsorbatc 
on the metal surface must be known |1 IJ The degree ol 
surface coverage (6) for different concentrations of PA and 
SAHMT has been evaluated from weight loss \alues and 
electrochemical data. The data were tested graphically b\ 
fitting to various isotherms. A straight line was obtained 
on plotting 9 versus log C (Fig. 7) suggesting that the ad-
sorption of the PA and SAHMT from the acid on N-8() 
steel and MS surface follows Temkin's adsorption isothenn 
[7]. 
The plausible mechanism of the inhibition of corrosion 
of oil-well tubular steel and mild steel in HCI may be ex-
plained on the basis of adsorption. In aqueous acidic so 
lutions, the investigated azole can exist as cationic species 
[12]. The cationic Sf>ecies may adsorb on the cathodic sites 
of the mild steel and decrease the evolution of hydrogen. The 
protonated triazole can also be adsorbed on the metal sur-
face on specifically adsorbed chloride ions [13]. The com-
pound SAHMT investigated in the present study has been 
found to give good performance as corrosion inhibitor. This 
can be explained on the basis of the presence of azomethine 
(-C=N-) group [14] and heterocyclic ring containing three 
nitrogen and one sulfur atoms in inhibitor molecule as re-
active centers, through which it can adsorb strongly on the 
metal surface leading to corrosion inhibition 
Current densits' (niA cm"* 
1 ij ^ Poieniiixisnamic polarization cunes for N-80 steel in I59<- HCI m the absence and presence of PA at various concentiaihin-, i i |S ' - | i r i (: 
250p|iin. (3) 50()ppiu (4) 750ppni (S) 10<X)ppm 
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Fig 4. Poteniiodsnimic polanzation cunes for N-80 steel in 15'> HCl m the absence and presence of SAHMT at \anous concentrations (1) \5''c HCl 
(2) 250ppm. (,'| iOOppm. (-:• "50ppm. (3i lOOOppm 
PA is widely used as a commercial acidizing inhibitor, 
hence, it was chosen as the basis for the comparison of inhi-
bition performance with the prepared inhibitor in 15'^c HCl 
solution. The investigated result matched the performance of 
PA. PA inhibits corrosion of steel in acid solution by form-
ing a multilayer polymeric tilm [6]. while SAHMT inhibits 
the corrosion of steel b> getting adsorbed forming a mono-
layer film on the surface 
4. Conclusions 
The tested compound namely SAHMT is an effecti\e 
inhibitor for corrosion of N-80 steel and mild steel in boil-
ing 15% HCl. The SAHMT is a mixed type of inhibitor. 
SAHMT inhibits the corrosion by getting adsorbed on the 
metal surface. The adsorption of the inhibitor on the meial 
surface follows Temkin's adsorption isotherm. SAHMT is a 
0 I 11 1 1 0(1 ii 1 10 
C r-eni densitN (niA cm-) 
Fi2 5 Poientiod\na.mic pobnzauon cur\es for .MS in l.'J'T- HCl in i.he absence and presence of PA al various concentrations (I) I5'> HCl, (2) 250ppm 
(,^ l .SOOppni (41 TSOppni 
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Abstract 
A niacroc\clic compound nanieh 2 39 lO-tetraphenyI-6 H dilhia-l 4'> 7.8 11,12.14-octaaza-cycloietradeca-1.3.6.8 10,13-hexaene 
(PT-\T I u 35 ^\ nthe^ized to '•\.\iA\ the corrosion inhibiti\e effect on pickling of mild steel in 20% H:S04 at 9."^  C The synergistic effect of this 
compound was studied b\ weight loss potentiod\namic polarization electrochemicahmpedance spectro^i-opy and hydrogen permeation 
studiev The results ot thi- inveMisation have shown enhancement in inhibition efficiency (IE) for SOOppm PTAT in the presence of 0 li'^c 
Kl av a vvnergent Formulated inhibitor has shown better performance than commercial corrosion inhibitor (Metasase) Potentiodynamic 
polanzation studies showed that PTAT is a predominantly cathodic inhibitor w hereas Metasaveis mived in nature ©2001 Elsevier Science 
B \ All nghts reserved 
Ke\ •. rji PKkline i.orro-ion inhi"u^r P-nentiod\naniic poUnzauon Hvdrocen pemiejiion Weight lobv Macroc>clK 
1. Introduction 
Hot acid solutions are generalK used for removing mill 
scales (o\ide scales) from the metal surface in various indus-
tries at elevated temperatures such as 60 C in hvdrochloric 
acid and up to 95 C in sulrunc acid To minimize the per-
centage metal loss dunng this process vanous compounds 
such as acetvlenic alcohols indoles thiourea derivatives and 
dithiazones etc are vvideK used [1—4] 
Organic compounds containing nitrogen or sulphur atoms 
have been reported as superior corrosion inhibitors than 
those containing nitrogen or sulphur atoms alone [5 6] 
Amo-ig these thiourea [i\H-i^C=S] and its derivatives are 
found in commercial tormulaiions but because of iheir 
to\u nature their use is not sale A survey of literature [7-9 j 
reveals that 2-mercaDtobenzothiazole is an effective corro-
sion mhibitor up to 70 C h gives improved performance m 
combination with alkvnoK Sulphonium salts are effective 
onlv at ambient temperatures Thus, the choice for using 
inhibitor in strong sulfuric acid at 95 C is limued In view 
of these observations there is a necessitv for development 
ot a new inhibitor tor sultrrn. acid 
Correvpondirto jml io r Tel - 9 ] s7 I 7 )s04S fax - 9 1 571 7(X)S2X 
t " ' 11 III'.', d uiishi im i K eii b i d L i i l M A OurJi^l ' i i 
In continuation of our work on development of macro 
cvclic compounds such as acid inhibitors [10-13], we have 
synthesized an organic inhibitor namely tetraphenyl dithn 
octaaza-cyclotetradeca-hexaene (PTAT) with a view to studv 
It s inhibiting properties on corrosior o<" mild steel in 20'/c 
H:S04 at 95 C and to compare its inhibiting performance 
with commercial corrosion inhibitor (Metasave) [14] 
2. Experimental 
2 1 Material piepmalion 
Mild steel strips composed of wt% 0 \-i9c C, 0 359f 
Mn, 0 17% Si 0 025% S 0 0-% P and rest Fe were used 
For weight-loss measurements mild steel stnps of 36 cm-
(5 76in-) were used For potentiodvnamic polanzatioi 
electrochemical impedance spe^troscop) and hvdrogen per 
me.ition studies mild siee) smps with an exposed arej ot 
I cm- (0 16 in -) were used 
Mild steel specimens were polished mechinically wuh 
emery papers of 1/0 to 4/0 grades They were subsequeniK 
degreased wuh tnchloroethvlene {CCl2=CHCl) and ana's 
ical reagent — grade H-vSO, \>.as used for preparing sol i 
lions Inhibitor was synthesized ihrouch piocedurcs repont d 
( )Ts , s4 / l ) l / s s i t I, nl n 
Pll s ^ s 4 ( ) s \ 4 ( ( ) ( ) l O l l , ^ 
^001 [ i L\ Kf StuFKL li \ All r 
i 4 0 
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Tetraphenyl-dithia-octaaza-cyclotetradecane hexaene 
(PTAT) 
Fiii 1 N j m e .iiid innletiil.ir -.iruciure ot iiiliibiinr used 
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pre\iously [15]. The molecular siruciure of ihe inhibitor is 
shown m Fig, 1. 
2.2. Weight-loss nteastireiiieni 
\N'eight-loss experiments were done according to ASTM 
methods described pre\ iousiy [16.17]. Tests w ere conducted 
in 209c H:S04 for 45 and 600 s at 95 = 2 C. 
2.3. Pnlentiodxnannc polarization measiireiueiu 
Polarization curves were recorded potentiodynamically 
(1 niVs"') using an EG & G Princeton Applied Research 
(PAR) model 173 Potentiostai/Galvanostat, a model 175 uni-
versal programmer and a model RE 0089 X-Y Recorder at 
35 ± 2 C. The cell assembly consisted of mild steel as work-
ing electrode, platinum as the counter electrode and a satu-
rated calomel electrode (SCE) as the reference electrode. 
2.4. Electrochemical impedance measurement 
Nyquist plots for mild steel in 20% H2SO4 containing dif-
ferent concentrations of PTAT and Metasave were recorded 
using an EG & G PAR model M 6310 system with M398 
software at 35 ± 2~C. 
2.5. Hxdrogen permeation measurement 
H\drogen permeation studies were carried out at 35±2 C 
using an adaptation of the modified Devanathan-Stachurski 
two compartment cells as reported in our previous work 
[18]. Hydrogen permeation currents were recorded using a 
> -L10 
o 
a 
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Cur r e n t d e n s i t y ( n - i A c r n " ) 
Fic 2 T\pical poieniuxlMiamic polarization i .ur\es (or mild steel 111 20'~r M:SOi coniJiiiiiiL' d idcren i coiReiitr.iiioiis o( \ . i i ious mhibiiors ( I ) blank. (2) 
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slrip cli.iil iLcordci m the absence <ind presence ol diflerent 
concenlialioiis ol PTAT and Metasave in 2Wc H2SO4 
3. Results and discussion 
•f / lU'/'^ '/if /"\\ sioclies 
The values of metal loss (9f) and corrosion inhibition 
etticienc\ (lEi obtained trom \'-eight-Ioss measurement for 
ditterent concentrations of PTAT in the absence and presence 
of KI and commercial corrosion inhibitor in 2Q'7c H2SO4 for 
45 and 600s are given in Table 1 
It IS seen that percentage metal loss for ssnihesized in-
hibitor \iz 500 ppm PTAT - 0 25% KI is less than that of 
Metasave in 20^^ H:SO. at 95 = 2 C The high IE of PTAT 
ma\ be attributed 10 the presence of a lone pair of electrons 
on 10 heteroatoms (8 nitrogen and 2 sulfur atoms) through 
which It can adsorb stronglv on the metal surface In addi-
tion to the presence of a lone pair of electrons it can also 
adsorb through protonaied specimen It is also seen from 
the results that IE of PTAT increases on addition of small 
amount ot KI ovv ing to sv nergism according to which iodide 
ions (I~) are mitiallv adsorbed on the metal surface thereby 
increasing negative charge on the metal surface which facil-
itates adsorption ot protonated macrocyclic compound and 
leading to the reduction in the metal loss [19] 
The svnergisuc parameter (S 1 was calculated by using 
the relation given b> Aramaki and Hackerman [20] 
5, 
1 - / 
1 - / 
where 
/ | _ ; = (/ - / : ! - ( / / . i 
/i inhibition erticiencv ot the anion /; inhibition efficiencv 
ot the cation and / | _ . mes'-ured inhibition efficiency for 
the cation n combination with anion 
Table I -hows the 5 value^ of 500ppm PTAT with 0 25% 
KI tor 45 and 600 s in 20% H.SO. Both S, values are more 
than uniiv suggesting that the phenomenon of synergism 
IS evisting beiw-een macrocv^lic compound and iodide ions 
—v^'V^fl.'V^.V— 
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3 2 Poieiitiod\namic polarization studies 
The polarization behavior of mild steel m 20% H^SO^ m 
the absence and presence of different concentntions of PTAT 
Table 2 
Eki-irochemicJ! p^lanzation parameter- lor mild -teel m 20% H^SOj containing different concentrations of PTAT with and without KI and Meta<a\e at 
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>iiid Meiasa\e is shown in Fig 2 Ele^irochemiLdl parameters 
such as corrosion current dcn^iix (/ ^) corrosion potential 
(£^„.r)'Tod Tafel slope constants (/;_ ^nd/JJ) calculated trom 
Tatel plots are gi\en in Table 2 It is apparent from the results 
thai the IE ot the sjnthesized inhibitor is higher (98 8%) 
than Metasa\e (95 251) 
£i„rr ^alue does not sho\i. an\ significant shih in presence 
ot Meiasa\e whereas PTAT shitt^ to the active direction 
thereby showing that Metasa\e is a mixed inhibitor while 
PTAT indicated that Meiasa\e is j mixed inhibitor while 
PTAT 's a predominanth caihodic inhibitor in 20% HiSOj 
5 } Electrochemical inipeilaiu e ^uidies 
Electrochemical impedance meaiuremenis were carried 
over the frequency range from i 0 kHz to 100 mHz. The sim-
ple equivalent Randies circuit [22] for impedance studies is 
shown in Fig 3. where Rc>. repre>ents the solution and cor-
lablo 4 
ll\dio.eii pernio lUoii p iranie trs tor nidd sicel in 20^r lliSOj i.iiiiuinir _ 
dittereiit conccntr mens of P r \ T uuh and uithoni Kl and Mt_ttsi\t «t 
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4S 0 
40 0 
18 0 
52 6 
'6 10 
"!9 i(l 
IS 97 
rosion product film, the parallel combination ot resistor R 
and capacitor Qi represents the corroding interface Qi i-
the electrochemical double layer capacity resulting from ad 
sorbed ions and water molecules and /?, is the charge trans-
fer resistance Nyquist plots obtained from the impedance 
studies in 20% H2SO4 containing different concentrations 
of PTAT and Metasave are shown in Fig 4 Various param-
eters such as /?,, Cdi and IE were obtained from impedance 
measurements and are given in Table 3 /?, values were 
calculated from the difference in impedance at lower and 
higher frequencies as reported elsewhere [23] Cji valuer 
were calculated from the frequency at which the imaginap. 
component of impedance was maximum (Z„„ max) using the 
relation 
Cdi = 
1 1 
2jT/n,a, /?( 
AOO 8 0 0 1200 
TIME ( S E C O N D S ) 
Pii; I H.droji.n ptriiii Hum ^ur\es V- li ii- or mild SILLI in 20', H 'SOjin b-.i.nee ind presentL if \ irii is ii hihi 
( 1 | s(K)ppni P r \ T (4) lOOOppnl PTXT I- MKlppin PI \T - 0 2s ' , Kl 
1600 
n i s ( I I h i I l k I " ) s O ( l | | 1 \ U l 1 
14 3 
\t \ (J iuii\hl J A nuil/M I 1 M i/i Cluini <i,iil / / > M i s 70 i20(llI y-i 9^ 
PTAT and Metasave e\hibiied moie than 99% IE as CIILU-
lated from R, \alues The decrease m Qi values in presence 
of inhibitors indicated that these inhibitors inhibit corrosion 
by the adsorption mechanism [19] 
? 4 Hydioi^cn periuecition studia 
Fig 5 shows the h>drocen permeation current versus time 
for mild steel in 20% H:S04 in the absence and presence of 
PTAT and Metasave It is found that reduction of hydrogen 
permeation current is more for 500 ppm PTAT + 0 25% Kl 
than Metasave in 20% H2SO4 solution The reduction ol 
hydrogen uptake could be attnbuted to adsorption of macio 
cyclic compound on mild steel surface, which prevented 
penneation of hydrogen mto metal [24] fTabie 4) 
4. Conclusions 
1 PTAT containing 0 25% KJ showed less metal los>- as 
compared to Metasa\e in 20% H2SO4 at 95 ± I'^C 
2 PTAT containing 0 25% KI showed more percent 
reduction of hydrogen permeation into the metal than 
Metasave 
3 PTAT shoued predominantlv cathodic behavior while 
Metasave exhibited mixed beha\ior in 20% H2SO4 
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Abstract 
Three long chain fau\ acidovadiazolesnameU 2-undecane-5 mercapto-l-oxa-3,4 diazolc(UMOD), 2-hepudccene 5-mercapto-l-oxa 
3,4-diazole (RNIOD) and 2-decene-S rnercapto-l-oxa-3,4-diazole (DMOD) were synthesized in the laboratory and were evaluated as 
corrosion inhibitors for rruld -iieel in 15% HCl at 105 ± 2-C by v.eight loss method Inhibition tests were also earned out on N-80 steel 
under sinular conditions in 1S** HCl containing 5000 ppm of UMOD The results obtained indicated that oxadiazole denvatives are good 
corrosion inhibitors UMOD was found to be the best corrosion inhibitor It exhibited 94% inhibition efficiency for N-80 steel and 129c 
inhibition efficiencv for mild steel 
Potentiodynamic polarization studies earned out at room temperature on mild steel in 15% HCl, containing 500 ppm of oxadiazole 
denvati\ es and on N-80 in 15% HCl containing 500 ppm of UMOD showed that all the investigated compounds are of mixed type inhibitors 
The adsorption of all the oxadiazole^ was found to obey Temkin's adsorption isotherm © 2001 Elsevier Science B V All rights reserved 
Ke\t\ords Fanv atid o\adiazole Corrosion inhibmon -Xcidization Mild steel N 80 steel 
1. Introduction 
Acidization of petroleum oil well ib one of the impor-
tant stimulation techniques for enhancing oil production It 
IS brought about h\ using a kind of solution of 15-28% h_\-
drochloric acid To reduce the agsressne attacks of acid on 
tubing and casing matenals inhibitors were incorporated to 
acid solution dunng acidizing process [1] 
A perusal of literature on high-temperature acid corrosion 
inhibitors indicated that effectiv e corrosion inhibitors dunng 
acidizdtion include acet\ lenic alcohols [2] alkenv 1 phenones 
[3] aromatic aldehvdes [4] nitrogen containing heterocyclic 
and their quaternary salts [5] and condensation products of 
carbon)Is and amines (6] 
In continuation of our work on deselopment of acidizing 
corrosion inhibitors [7-10] we ha\e svnihesized three long 
cham fans a^id oxadiazoles with an objective to study their 
corrosion inhibiting properties on N'-80 steel and mild steel 
in HCl Sur\e\ of literature re\eals that these compounds 
have not been studied as corrosion inhibitors The selection 
of these compounds as corrosion inhibitors is based on the 
Corresponding auih"ir 
E mail iiddnsi daniNhiJinaK? encljiid c ^ni (D Jamal) 
facts that these compounds contain lone pair of electrons on 
N and S atoms and -IT electrons in heterocyclic nng through 
which they can adsorb tliemselves on the metal surface The 
lateral interaction of long chain of carbon atoms due to Van 
der Waal forces can further facilitate formation of compact 
film of inhibitor on the metal surface [II] 
2. Experimental 
2 1 Maieiial preparation 
AR grade HCl (MCRCK) and doubled distilled w ater wert 
used for prepanng test solutions of 15% HCl for all expen 
ments The inhibitors were synthesized in the laboratory fol 
lowing the procedure reported elsewhere [12] Synthesized 
compounds were characterized through their spectral dai„ 
and their purity was confirmed b> TLC Structural formul i 
of the inhibitors examined arc given in Table I 
2 2 Weight loss measurement•; 
The experiments were earned out m 15% HCl using N 8<^  
steel of size 2 0 cm x I 0 cm x 0 7 cm h i\ ing c imposition 
0^S4 0M^4/01/S '.it Ir ml mjuer O I^Xtl Fl eMtr Suence B \ \U 
PII S iP S4 O^s^ II ) 11)0 ' ' \ 1 
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Tabic : 
Name and strin.[urc ol inliibiiors used 
Structure 
A X. 
N — N 
il 1 CH,-(CH,),-CH - CH- (CH^), O^^SH 
n 
Desic^njtion and abbreviation 
2-L'ndocane-5-nier(-jpio-l-Dxa-1.4-dia/<ile (UMOD) 
:-ML-piaLleLene-5-mercapio-l-(ixa-1.4 dia/ole (}IMOI)) 
2-Dei.ene-5-mercaplo-l-oxa-.1.4 diazole (DMOD) 
C = 0.028%. Mn = 1 48"^. Si = 0.17%, S = 0.026%, 
P = 0.015%. S = 0.015%. .\1o = 0.1%. Cr = 0.2%>, Al = 
0 007% the remainder Fe and cold rolled mild steel samples 
of size 2.0cm x 2.0cm x 0.6cm havmg composition: C = 
0.14%. Mn = 0.35%. Si = 0.17%. S = 0.025%, P = 
0.03%;. the remainder Fe The experiments were performed 
in a 500 ml three neck round bottom flask using a condenser 
at 105±2'-Ca5per .ASTM.Gl-72 [12]. 
2.3. Electrochemical studies 
For potentiodynamic polarization studies, mild steel 
stiips and N-80 steel of same composition embedded in 
araldite with an exposed area of 1.0 cm- were used and 
the experiments were carried out at constant temperature 
of 28 ± 2=C as per ASTM. G3-74 and G5-87 (12). Poten-
tiodynamic polarization studies were carried out using EG 
1000 2000 3000 4000 5000 
Cone (pprn) 
Fi2 1 Variation of inhibition etticiencv \silh inhibitor concentration ot 
\arious inhibitors for nrld steel in I s^r boilint! flCl for 0 5 h of immersion 
time from weight loss measurements (1) UMOD (2) HMOD. (t) DMOD 
& G PARC poientiostat/galvanostat (model-173), universal 
programmer (model-175) and X-Y recorder (models-RE 
0089). A platinum foil was used as auxiliary electrode and 
a saturated calomel electrode was used as reference. 
3. Result and discussion 
Variation of inhibition efficiency with increase in inhibitor 
concentration of fatty acid oxadiazoles for immersion time 
of 0.5h from weight loss methods for mild steel in \5% 
HCl under boiling conditions at 105 ± 2°C has been shown 
given in Fig. 1. It is evident from the figure that inhibition 
efficiency of all the compounds examined increases with 
increase in inhibitor concentration. 
The 2-undecane-5-mercapto-l-oxa-3,4-diazo!e (UMOD) 
has been found to give maximum inhibition efficiency of 
12% among the studied oxadiazoles for both the steels used. 
High inhibition efficiency of these compounds as compared 
to 2-heptadecene-5-mercapio-l-oxa-3,4-diazole (HMOD) 
and 2-decene-5-mercapto-l-oxa-3,4-diazole (DMOD) may 
be attributed to the attractive lateral interactions between 
fime (hour) 
F^ ie 2. Variation of inhibition elticiency with immersion time of UMOD 
tor N-SO steel in \5"c boilino HCi from weight loss measuiements 
H6 
:n4 AM QKUUSIII D JamuUMmeruil^ Chen ^in. and Fhwus 71 (2MIj 202-20-^ 
TihiL- 2 
Electrochemicjl pt)lari/jiion parameters (or the corrosion of mild steel tn 15'"^ HCl containing optimum concentration of sanous inhibitors at 2.S±2 C 
Concentration (ppni) Cs..rr (mV vs SCE) /), imX'dec"' • fc, (mVdec" ' ) /^„rr (niAcm -) ir (' 
1^'* HCl 
L MOD <i(X) 
H\10D 5()0 
DMOD 5(W 
-519 
-541 
-524 
-525 
SO 
6S 
60 
70 
140 
120 
148 
140 
3 50 
004 
1 08 
OOS 
9V 
69 U 
97 " 
Table 3 
Electrochemical polari/aiion parameters for ihe corrosion of N-SO steel in 15w HCl containing optimum concentration of various inhibitors at 28±2 C 
Cs^ncentration (ppm) 
\^'i HCl 
LMOD 500 
t^ oTT (niV vs SCE) 
-54b 
- 5 5 3 
fcj (m\'dec 1 
70 
80 
fee (mVdec"') 
110 
l i s 
/i.HT ( n i A c m -) 
0 47 
0 26 
IE C^c] 
44 6^ 
the inhibitor molecules containing long hydrocarbon chains 
due to Van der Waal forces which give rise to stronger 
adsorption and higher inhibition efficiency. The low in-
hibition efficiency observed for HMOD and DMOD may 
be attributed to lateral repulsion between the ir-bond of 
the hydrocarbon chain of the adsorbed inhibitor molecule 
[11]. The corrosion inhibition tests were also earned on 
N-80 steel under similar conditions using 5000 ppm of 
UMOD (Fig 2). UMOD was found to exhibit an inhibition 
efficiency of 94%. Its inhibition efficiency was found to 
decrease (94.5-92.6%) slightly on increasing the duration 
of immersion time from 0.5 to 6h. 
Vanous corrosion parameters such as corrosion current 
density U^on)- corrosion potential (Ecorr)- Tafel slope con-
stants (ta and Z?t) and percentage inhibition efficiency (%IE) 
obtained from the potentiodynamic polarization curves of 
mild steel in 15% HCl at temperature of 28 ± 2^C in the 
absence and presence of optimum concentration of the 
inhibitors are given in Table 2 It is seen from this table 
that /^ ,^^ • values decrease significantly in presence of the 
inhibitors This observation indicates the effectiveness of 
ihe synthesized oxadiazoles in 15% HCl Electrochemical 
polarization parameters obtained from potentiodynamic po-
larization curves for N-80 tubular steel in 15% HCl in the 
presence and absence of UMOD at optimum concentration, 
le 500 ppm are summarized in Table 3. It is obsen-ed 
that £^ „n- values and Tafel slope values ta and b^ do not 
change significantly in mhibiied solution as compared to 
uninhibited solution These obser\'ations suggest that all 
the oxadiazoles adsorb on the metal surface by blocking 
the active sites of the steel surface without affecting the 
mechanism of corrosion reactions This type of behaviour 
hav been observed for mild steel in acid solution containing 
Il-h\dia7,no-6-nieih\l-benzoihiazole [13] 
It IS seen from the results that the oxadiazoles do not shilt 
£,,,n values significantly thereby suggesting that they are 
nii\ed type inhibitors The difference in inhibition efficienc\ 
ot UMOD on two types of steels, i e niild steel and N-80 
vieel may be Jltnbuted to the difference in composition of 
the steeK 
0 80 
0 60 
0 40 
34 36 
Log C (ppm) 
Fig 3 Tcmkin's adsorption isotherm plots for the adsorption of \anous 
inhibitors in 15% boiling HCl on the surface of mild steel (1) UMOD 
l2) HMOD, (3) DMOD 
i 1 Corrosion inhibition mechanism 
The corrosion of mild steel and N-80 tubular steel in 
HCl containing oxadiazoles can be inhibited due to the ad-
sorption of these compounds on the steel surface through 
their lone pair of electrons and it-electrons of the hetero-
cyclic nng In order to venfy the adsorption mechanism, 
the surface coverage (6) values were obtained from weight 
loss measurements for vanous concentrations of the oxadi-
azoles used and were plotted against log C (Fig 3), thereby 
straight lines were obtained suggesting that adsorption of all 
the fatty acid oxadiazoles on steel surface obeyed Temkin s 
adsorption isotherm [8-10] 
4. Conclusions 
All the investigated oxadiazoles of fatty acids namels 
UMOD, HMOD and DMOD are effective inhibitors tor 
corrosion of mild steel in 15% boiline HCl >;olulion 1 l.e 
\ ^ 1 
1/ \ Qu I) Jiu,ul/\l,r,,uil ( /^M ,nj / ' / n w o " / l200lj 2ll2 TOl 
arc mi\cd t\pe inhibiiors le they inhiDii both anodic as 
vv,ei! IS cathodic reactions They bring doun the corrosion 
rate by adsorption mechanism 
Rcfcientcs 
nedia Br Conos J 11] G S^htTDtl \pplicatton of inhitilors for a^. 
1'; I19S4) 165 
12) KD Neemla RC Sa-\ena A Javaraman Corrosion mhibitior^ ot 
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Dianils: New and Effective Corrosion Inhibitors 
for Oil-Well Steel (N-80) and Mild Steel 
in Boiling Hydrochloric Acid 
MA QuraishiandD Jamal' 
ABSTRACT 
Selected condensation products of aromatic aldehydes and 
p pheiiylenediamme ha<.e been synthesized and evaluated 
Oi coiTosion inhibitors Jor mild steel (MSI and oil wel' steel 
(\ 80) m 1 «^D hydrochloric ucid (HCl) at 105°C ± TC by !he 
u^iQht loss nethod All the condensation products showed 
evcellcnt performance 2 4 dicmnainyledcne aminophenylene 
IDCAPI iLCLS found to be the best corrosion inhibitor It exhib 
tied 99 75% inhtbttton efficiency (lEIforMS and 99 12% for 
N 80 steel at 5 tXX) pprn of inhibitor concentration The poten 
t adynamic polarization studies carried out at room 
temperature on MS in I5°b HCl containing 500 pprn of con 
dcnsation products shou ed that all the investigated 
compounds ii ere mtved 'ypc inhibitors whereas 500 ppm 
DCAP on N 60 steel behaved predominantly as anodic inliibi 
tors Vie adsorption of all the condensation products u-as 
loitnd (o ofx'ty Ttmkin s adso-piion isotherm. 
K£1 WORDS adsorption dianils hydrochloric acid inhibitor 
ni id sicel poientiodynamic polaruation 
INTRODUCTION 
Acidi/ation is one of the important oil well stimula 
tion techniques for enhancing oil productivity It is 
brought about by using a solution of 15% to 28% 
Subtiiidcd (or pubhcatjon March 1999 in reused form 
S<-plenitx.r 1999 
Corrosion Rtrscarch Latxsralorv Department of Applied Cheinlstn 
1- \cu\i\ of En^ necrlng nnd TcchnolOj^y Ali-,trli Mubl in 
Unlvcrsiu M ^arh 202 002 India 
hydrochlonc acid (HCl) Lse of a corrosion inhibitor 
IS an effective way of combating the aggressive 
attacks of acid on tubing and cas-ng materials 
A perusal of l i terature on high tf-mperature acid 
corrosion inhibitors indicates that e'"fective corrosion 
inhibitors used during aciduation are acelyienic 
alcohols '•' alkenyl phenones ^ aromatic a ldeh\des ° 
nitrogen-coniaining hectorocvclics and their 
quarternary s a l t s / " condensation products of carbo 
nyls and amines ' and inorganic compounds such a<; 
arsenic halides '" etc It is known that condensation 
products of carbonyls and amines v<.hich are kno\m 
as an.l oi Schiff bases gi\e more inhibition etficienc\ 
than constituent ca rbon \ l s and amines " De^ai et 
al ha \e studied a fevv Schiff bases derived from aro 
matic aldehydes and amines as corrosion inh biior'^ 
for jnild steel (MS) in HCl and imported th tm to be 
excellent inhibitors '•* Similar observations have been 
reported recently b> Quraishi and coworktrs who 
have studied corrosion inhibitmg properties of se\ 
eral anils synthesized b \ condensing either aromaiic 
or heterocyclic amines \ n t h aromatic aldehvdes " 
These observations have prompted the investigaiio i 
of inhibiting behavior of some diamls on corrosion o 
MS and oil well tubular steel (N 80) in 15% boilinii 
HCl The dianils investigated were 2 4 didimethv! 
aminobenzyledene aminophenvlene (DDAP) 
2 4 dnanilledene aminophenvlene (DVAP) 2 4 
disalicvledene aminophenylene (DSAP) 2 4 
dibenzvledene aminophenvlene (DBAP) and 2 4 
dicinnamykdene aminophenvlene (DCAP) 
156 
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T A B L E 1 
Names and Struc'ural Formulas ot Dianils 
Structure 
Number Structure Designation and Abbreviation 
C H - N ^ ^ / V N = CH ^^  ,^ 
CH 
2,4 didimethyl ammobenzyledene aminophenylere (DDAP) 
>SCO-A / ^ H C - N - H \ A ~ N . C H - ( ^ ^ O C H . 2,4 divanilledene aminophenylene (DVAP) 
„ c = . ^ ^ / / 
HO 
2,4 disalicyledene aminophenylene ^DSAP) 
HC = N — ( , .)— N = CH 2,4-dit>enzyledene aminophenylene (DBAP) 
HC » hC- HC - N A //—N-CH-tH-CH—A^ A) 2.4-dicinnamyledene aminophenylene ( D C A P ) 
EXPERIMENTAL PROCEDURES 
Weight Loss Measurements — Experiments were 
carried out using oil-well steel (N-80) and cold-rolled 
MS in 15% HCl. The MS sample was 2.0 cm by 
2.0 cm by 0.6 cm (0.788 in. by 0.788 in. by 0.236 in.) 
and was composed of (wt%); 0.14% C. 0.35% Mn. 
0.17% Si. 0.025% 5. 0.03% P, and balance Fe. The 
N-80 steel was 2.0 cm by 1.0 cm by 0.7 cm (0.788 in. 
by 0.394 in. by 0.275 in.) having a composition de-
scribed elsewhere.'^ These samples were used for 
weight loss measurernent studies. Expenments were 
performed in a 500-mL three-neck round bottom 
flask using a condenser at 105°C ± 2°C. according to 
ASTM G 1-72.'^ The immersion time was 0.5 h for all 
the compounds for MS. and 6 h for N-80 steel. 
Electrochemical Stuciies — For polentiodynamic 
polarization studies. MS s tnps and N-80 steel of the 
same composition embedded in epo.xy resin with an 
exposed area of 1 0 cm^ (0.16 in.^) were used, and 
the expenments were earned out at 28°C ± 2°C. 
according to .-\STM G 3-74 and ASTM G 5-87. ' ' Po-
tentiodynamic polarization studies were earned out 
using an EG&.G FYinceton Applied Research (PAK)' 
model 173 potentiostat/galvpnostat, a model 175' 
uni\-ersal programmer, and a model RE0089' X-Y 
recorder, at a scan rate of 1 mV/s from open-circuit 
potential 'OCP) Polarization cur<.'es were obtaineo 
afici immersion of the electrode in the solution for 
0 5 h until reaching steady state A platinum foil 
«.!-- used as an auMiiarv eJectrode, and a saturated 
calomel electrode (SCE) was used as a reference elec-
trode Analytical reagent (AR)-grade HCl (MERCK*) 
and double-distilled water were used for preparing 
test solutions of 15% HCl for all experiments. Inhibi-
tors were synthesized in the laboratory follouTng the 
procedure described by Desai. et al. ." and com-
pounds were characterized through their infrared (IR) 
spectral data. Their purity was conflnned by thin-
layer chromatography. Names and structural 
formulas of the dianils are given in Table 1. 
RESULTS AND DISCUSSION 
Table 2 shows values of inhibition efficiency (IE) 
and corrosion rate from weight loss measurements 
for different concentrations of the inhibitors in 15% 
HCl under boiling conditions. The percentage inhibi-
tion efficiency (%1E) was calculated using the 
equation: 
%IE = 
Uninhibited corrosion rate - Inlubited corrosion rate 
Uninhibited corrosion rate 
(1) 
X 100 
It was found that IE increased with the increase in 
concentration from 1,000 ppm to 5.000 ppm for all 
the inhibitors (Table 2) The IE values of all the 
examined dianils at a common concentration of 
3,000 ppm followed the order-
DCAP > DBAP > DVAP > DDAP > DSAP (2) 
It is also e\-ident fiom Table 2 that DCAP gave inaxi 
mum inhibition of 99 66°/o at 2.000 ppm 
CORROSION-Vol. 56, No. 2 157 
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TABLE 2 
Corrosion Parameters for MS in Boiling 15% HCI (lOS'C ± 
Z'C) in Absence and Presence of Different Concentrations 
of Various Infiibitors from Weigtit Loss Measurements 
Concentration 
(ppm) 
15% HCI 
DDAP 
1,000 
2,000 
3,000 
4,000 
5.000 
DVAP 
1,000 
2,000 
3,000 
4,000 
5,000 
DSAP 
1,000 
2,000 
3,000 
4,000 
5,000 
DBAP 
1,000 
2,000 
3,000 
4,000 
5,000 
DCAP 
1,000 
2.000 
3,000 
4,000 
5,000 
Weight Loss 
(g) 
7 60 
3 99 
3 28 
2 61 
2 36 
2 34 
4 69 
3 55 
2 43 
2 34 
2 26 
5 56 
4 55 
363 
3 5 0 
3 47 
3 02 
188 
0 75 
0 37 
0 23 
0 26 
0 02 
0 02 
0 02 
0 02 
IE 
(%) 
— 
47 60 
57 00 
65 60 
69 08 
69 32 
38 45 
53 33 
68 08 
69 28 
70 32 
27.07 
40 32 
52 29 
54 03 
54 40 
60 40 
75 30 
90 15 
9 5 1 8 
96 S3 
96 58 
99 66 
99 67 
99 71 
99 75 
Corrosion Rate 
(mm/y) 
14,420 
7,556 
6,200 
4,947 
4,459 
4,424 
8 876 
6,730 
4.603 
4,379 
4,280 
10,517 
8,606 
6,880 
6,629 
6,579 
5.710 
3,562 
1.420 
695 
443 
493 
49 
47 
43 
36 
Corrosion inhibition tests a t different immersion 
times also were earned out on N-80 steel under simi-
lar conditions using 2.000 ppm and 5,000 ppm 
concentrations of DCAP (Table 3) DCAP exhibited IE 
of 98 87% and 99 12%. respecUvely. for these con-
centrations Its (DCAP) IE decreased by Increasing 
the duration of the immersion time Iro n 0 "i h to 
6 0 h The decrease in inhibitor efleclncness at 
longer immersion times was caused by various fac 
tors such as an increase in cathodic or hvdrogen 
evolution kinetics or an increase in concentration of 
ferrous ions '^  However the corrosion rate for the 
umnhibited system decreased with time 
The potentiodjmamic polanzation curves of MS 
in 15% HCI at 28°C ± 2°C in the absence and pres 
ence of 500 ppm of the inhibitors is shown in Figure 
1 VELTIOUS corrosion parameters such as corrosion 
current density (I„rr). corrosion potential [E^J and 
%IE. are given in Table 4 I^ r^ values decreased 
significantly in the presence of inhibitors This obser 
vation indicated the effectiveness of the sNTithesized 
dianils in 15% HCI It is also clear from Table 4 and 
Figure I that aJl the dianils under investigation were 
mixed type Inhibitors 
Potentiodynamic polarv^tion curves for N-80 
tubular steel in 15% HCI in the presence and ab-
sence of DCAP at 500 ppm is shown in Figure 2 
Electrochemical p>olanzation parameters obtained 
from these curves are summarized lii Table 5 
Results clearly showed that DCAP behaved predomi 
nantly as an anodic inhibitor for N-80 
Application o/Adsorptwn Isotfierm — To under-
stand the mechanism of the corrosion inhibitor, the 
adsorption behavior of the organic adsorbate on the 
metal surface mus t be known. ' ' The degree of surface 
coverage (6) for different concentrations of inhibitors 
has been evaluated from weight loss vaJues The 
data were tested graphically by fitting to vanous iso 
therms. A straight line was obtained by plotting 6 vs 
log C (Figure 3), suggesting that the adsorption of the 
compounds from the acid on the MS surface followed 
Temkln's adsorption isotherm 
Effectiveness of a compound as a corrosion 
inhibitor depends on the structure of the organir 
compounds '^  The vanation in inhibitive efficiencN 
mainly depends on the type and nature of the sub 
stituents present in the inhibitor molecules "^ On the 
basis of the above-mentioned factors the difference 
in protective action of the dianils can be explained 
Among the compounds investigated DCAP ga\ e 
the best performance. This can be explained bv the 
TABLE 3 
Corrosion Parameters for N-80 Steel in 15%HCIat 10ff'C±2'C 
in Abi,ence and Presence of Inhibitor from Weight Loss Measurements 
Inhibitor 
Concentration 
(ppm) 
15% HCI 
DCAP 2,000 
5 00Q 
(E 
(%) 
98 87 
99 12 
0 5 h 
Corrosion Rate 
(mm/y) 
3,140 
35 39 
27 45 
IE 
(%) 
98 50 
94 83 
3 0 h 
Corrosion Rate 
(mm/y) 
2 380 
35 74 
123 00 
IE 
(%) 
97 83 
83 81 
6 0 h 
Corrosion Rate 
(mm/y) 
1 813 
39 28 
293 39 
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TABLE 4 
Electrochemical Polarization Parameters 
for the Corrosion of MS in 15% HCI Containing 
Optimum Concentration of Various Inhibitors at 28°C± 2°C 
Inhibitor 
Concentration E j „ , 
(ppm) (mV) 
15% HCI 
DDAP 
500 
DVAP 
500 
DSAP 
500 
DBAP 
500 
DCAP 
500 
Corrosion 
U „ IE Rate 
(mA/cm^) (%) (mm/y) 
539 
535 
537 
535 
537 
-531 
3 50 
0 77 
0 58 
0 94 
0 31 
0 18 
— 
77 85 
85 02 
73 14 
90 91 
94 85 
40 77 
8 97 
6 75 
10 95 
3 61 
2 09 
> 
E 
o 
-350 
-^50 
-550 
-650 
1 
F / E 
^^ "'^ ^^ r^^  
\^ vV 
. ^F E c B D A 
i-D 
0 01 0 1 10 10 
Current Density {mA/cm^) 
100 
Fl G U R E 1. Potentiodynamic polarization curves for MS in 15% HCI 
in the presence and absence of vanous inhiibitors at 500 ppm (A) 
15% HCI, (B) DDAP, (C)DVAP, (D) DSAP, (E) DBAP, and(F) DCAP 
~ -«00 
J 
- ^1 
7S -500 
" 
B 
S. -600 
-700 
1 
. 
-
. 
.Q 
B ^ 
1 1 
^-(•^ 
_-A 
1 
0 001 001 01 10 10 
Current Density (mA/cm^) 
100 
FIGURE 2. Potentiodynamic polarization curves for N-80 steel in 
15% HCI in the presence and absence of inhibitor at 500 ppm (A) 
15% HCI and (B) DCAP 
presence of an additional -C=C- bond between car-
bon atoms in conjugation with azomethine (-C=N-) 
group ' ^" These extensively delocalized plananty 
(T) electrons favored greater adsorption on the metal 
surface when compared to other compounds Lesser 
IE shovvn by DDAP. DSAP, and DVAP. as compared 
to DBAP. may be attributed to the onentation of sub-
su tuent groups that prevented their flat orientation 
on the metal surface, causing less adsorption and 
thereby less inhibition. A similar explanation has 
oeen given by Rengamani. et al , to explain the dis-
crepancy m the order of IE for isomers of anisidine, 
while studying the inhibition of anions on the perfor 
mance of anisidines as corrosion inhibitors ^^  
CONCLUSIONS 
•:• All the mvcatigated dianils were effective mhibitors 
lor MS in 15% boiling HCI solution 
•:• D'cUiilb behaved as mixed type inhibitors for MS 
3 0 3 1 3 2 3 3 3 4 3 5 3 6 3 7 
log C (ppm) 
FIGURE 3. Temkin s adsorption isotherm plots lor the adsorption of 
various inhibitors in 15% boiling HCI on the surface of MS (A) DDAP, 
(B) DVAP, (C) DSAP, (D) DVAP and (£) DCAP 
T A B L E S 
Electrochemical Polarization Parameters 
for the Corrosion of N 80 Steel in 15% HCI Containing 
Optimum Concentration of Various Inhibitors at28'C± 2°C 
Inhibitor 
Concentration 
(ppm) (mV) (mA/cm') 
IE 
(%) 
Corrosion 
Rate 
(mm/y) 
15% HCI 
DDAP 
500 
^548 
-524 
0 47 
0 26 
— 
44 68 
5 47 
3 03 
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•:• Dianils lowcicd the late ol coiiosioii by aasorpUoii 
mechanism 
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Dithiobiurets: a no\el class of acid corrosion inhibitors for mild steel 
M \ QL'RAISHI* I RAWAT and M A I M \ L 
C 01 iDsion Riscdich I ahoKiloi \ Depiii inuiii ol i/>pli(.(l C licniisn \ fciiiill\ of Lii^inai iiii^ d I n liiioli ^\ 
4lii;(iili Muslim ini\iisit\ Aliiiui h 11 P j 2U2 01)2 liuliu 
C'aiiilioi foi (01 n spondcncc 
RLLLINL!.! 20 Dt tLi i ibLi l y y s iCLLpUd 111 rL\iM.d l o i m •^^  J nu i i i \ IIDII 
kc\ woids acid inhibitois AES diUiiobiuict LIS 
Abstract 
The coiiosion inhibition behavioui of some substituted dithiobiuicts namel\ -1 'i-diphen\l 2 4-dithiobiuiLi 
(DPDTB) l-tol>l-5-phen\l-2 4-dithiobiuiet (TPDTB) l-anisidNl-S-phensl-: 4-dithiobiuiet (APDT B) 1 choiophL 
nyl-5-diphen\l-2,4-dithiobiuret (CPDTB) weie studied in 1 to "i M HCl on mild steel The chaiacteristics ol thtsL 
compounds are explained in teims ol factois such as inhibitoi concentration acid concentration icmpeialuiL 
immersion time and molecular stiuctuie Potentiodynamic polaiization and a c impedance techniques weie used to 
investigate the inhibition mechanism Among the compounds studied APDTB exhibited the best pciioimanLL 
giving more than 9 8 % inhibition efficiency (IE) in HCl solutions DPDTB and CPDTB were lound to leducL 
hydrogen permeation through mild steel in HCl solutions The adsorption of APDTB was also conliimed b\ AUJILI 
election spectroscopy (AES) 
1. Introduction 
The inhibiti\e power ol organic corrosion inhibitois has 
been inteipretcd in teims of many different chatactei-
istics such as molecular size moleculai weight molec-
ular stiucture and nature ol the heteioatoms present in 
molecule [I] Oiganic compounds containing both 
nitrogen and sulphur atoms aie of pailiculai mteiest 
as the\ gue bettei IE than those containing N oi S alone 
[2 ^] Among these thiouiea and its deri\ati\es ha\e 
been investigated extensiveh [4-8] Schmitt [9] has 
lepoited that thiouiea deuvatnes aie highlv toxic and 
induce pcimeation ol hvdiogen into the metal causing 
hvdiogcn embiittlement theietoie the use ol these 
compounds is not sale 
In continuation ol oui woik on development ol acid 
coiiosion mhibilois [10 12] we have svnthesi/ed loui sub 
stituted dithiobuiiets namek I '^-diphenvl-2 4 dithiobiuiet 
(DPDTB) l-tolvl-.->-phenvl-2 4-dithiobiuiet (TPDTB) 
l-anisidvl-'i-phenvl-2 4-dithiobiuiet (APDTB) 1-choi-
ophenvl-S-phenvl-2 4-dithiobiuict (CPDTB) to mvesti 
gate then inhibiting action on the coiiosion ol mild sttcl 
m I to 5 M HCl 
The selection ol inhibitois is based on tht lollowmg 
consideiations (i) thev possess a lone pan ol ekctions 
on !«o sc(([i/iu( and t/ifce fidrojeii litonis rii addition Co 
n CILLIIOHS ol the pliLiivl iiiigs thiOLiuh which IIKV C in 
idsoib Kid ih on the intl il SUIIICL and (in tlKn 
loMLilv is \Li \ low 
2. Experimental details 
Mild steel stiips having chemical compositions 0 I4"( C 
0 ^s%, Mn 0 17% Si 0 025% S 0 0"^"„ P the icmaindu 
being Ee vsere used Weight loss mtasuiLinents WCIL 
caiiied out using steel stnps ol size 2 cm > 2 cm 
0 2^ cm whereas the potentiodvnamiL polii i /Uioii 
elect!ochemical impedance and hvdiouen peimcatioii 
studies were earned out with steel stiips havme \n 
exposed aiea ol I cm^ The specimens weie polishul 
mechanicallv with emeiv papeis ol 1 0 to 4 0 made tnd 
degieased with tnchloioethvlene 
Dilhiobiuiets weie svnthesized as desciibcd LISLWII^I 
[M 14] and vseie chaiacteiized bv i i Indiochloiic acid 
01 A R giade and tuple distilled walLi W^.IL used I n 
p i e p a i i n g test so lu t ions ol 1 ~s and "^  \1 HC 1 
2 I Coiiosion wci^^lit loss siiuliis 
1 he Weight loss mLasu iemcnls W C K c u l l e d out is 
dese i ib td e lscwheie [1 s] Mild steel s n i p s WCIL imniLis^J 
m 160 ml ol inhibited and uninhib i ted sc)lutions ILLOUI 
mg [o A S T M s t a n d a i d s [16] loi "> h it 40 ( in 1 ^ \i 
HCl ^00 p p m ol each inhibitoi was tested iii 1 M HC 1 ii 
40 SO 60 and 70 C loi I h I he sOO ppm ol e i J i 
inliifiitoi w IS (cstLd in I \t HC ( (oi 9( b u lo 
tLinpLi i tuK The inhibi t ion ellieieiiev and e o i i o s u i i 
I l i e s i n t h e p i e s e I K e o l t i l e l l l l l l h l t O l s W e i e e l l e u l l i e d 
W e i g h t l o s s 
''Ah 
2 2 /'i>lcnii(iil\ niiiiin pnhii rciiKni \iii(lu\ 
FlLLtuKlieniK il potLiUkxKii.iniic polaii/dtion studies 
\\C!C LJiiiLil out iisuiy an hCjc*v.G P\RC potcntiostat 
gaUauostat (model 17S). and an X ^ lecoidei (model 
RL ()()N9) The cell asscmblv consisted of mild steel as 
woiking electiode a platinum toil as counter elec-
tiode and a sattnated calomel ekctiodc (SC L) as the 
leteienee eleetiode \ll expeiiments weie peitoimed u 
"^ ^ : C 
2 ^ ! Uai III luniudl (I I inti'Lihuiu ^!uilii.\ 
NNtpiist plots HI 1 M HCI solution and inhibited 
solutions weie obtained osei the liequenev lange 
100 niH/ to 10 kV\/ at open cncuit potential using an 
(.iLctiocheniical impedance <inal\sci (FC;LVCJ F \ R C 
s\steni model \1 6^10) with soltwaie (\I ">'-)S) acLOidmg 
to known pu)ceduie desciibed elsewheie [17] 
2 4 f[\(lio>iiii pcinudtion siudus 
H\diogen peimeation studies weie cairiLd out at a 
tempeiaturc ot ^0 F 2 C using an adaption ot Dc\a-
nathan and Stachuiski's modihed two-eompaitment cell 
[IS 19] H\drogen peimeation cuirents weic recoided 
using an X Y t Rikadenki iccoidei in the picsence and 
<ibsence ol mhibitoi m I \l HCl 
2 5 lui^ei election speciioscopu siiidies 
Augci electron spectroscopic studies were earned out on 
inhibited and uninhibited mild steel samples using 
Auger electron spectroscop\ (Vaiian C\1A VT-II2) 
Specimens were polished using ditteienl giades ot emerv 
papei and then dipped in inhibited acid solution 
containing 500 ppm APDTB tor i h iinsed with tuple 
distilled water and dried at room teinpeiature Speci-
mens weie fixed on a tast-entiv an lock (Feat) chamber 
maintained at a \acuum le\el of 10 " torr Aflei 
tiegassing the specimens weie transleued to the piepa-
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lation ehambei SpLeimens WLIL kept IOUL; Liiough to 
lai^iliiate luithei ckgassing Tlu SPLLIIIILII was ihi_n 
mtioduecd into the anaKsei ehambei I IK ai^a ol 
nitcicst was selected with the lielp ol a sc<innmg LILCIIOII 
miLioscope (SEM) attached to the msiiument and 
excited with a 1 ke\ election beam 
3. Results and discussion 
^^  1 11 c/<,'/;/ /oss \Ui(lii N 
The moleeiilai st iuctuicsol the compounds undei stutl\ 
aie slu)wii in Table I \ a i i o u s coiiosion piuaniLlcis 
siieh as peicentage inhibition ettitiLiKV (If ) and lo i io-
sion late (CR) obtained b\ the weight loss metht>d at 
ditteient inhibitoi conccntiations in the 1 to s M HC 1 
lange aie gi\en in Table 2 It is e\ident that all the 
compounds inhibit corrosion of mild steel at all eon-
centiations undei studx The peicentage inhibition 
etticienc) foi all the inhibitois ineieases with mcicase 
in mhibitoi concentiation (Figuie 1(A)) All the com-
pounds show maximum inhibition efticienc\ at 500, 700 
and 1000 ppm in 1 ^ and 5 M HCl respeeli\cl\ The 
peicentage inhibition efhciency foi ditteient dithiobiu-
lets dccieases m the tollowmg oidei XPIDl B > 
TPDTB > DPDTB > CPDTB 
The siipeno! peitoimance ol \ P D T B as conosion 
inhibitor compared to TPDTB can be attiibuted to the 
piesencc of the effective electron releasing group 
—OCH^, leading to greater adsorption ot methoxy 
substituted dithiobiuret (APDTB) on the mild steel 
sarfdce than the methyl substituted derivative (TPDTB) 
Quraishi ct at have also explained the higher IE of 
methoxy benothiazole as compaied to methvl substi-
tuted ben/othiazloc on the basis ot the inductive ettect 
[20] 
The lesser value of IE tor CPDTB as compaied to 
DPDTB may be attiibuted to the - I ettect (electron 
withdrawing inductive ettect) of the chloro group which 
decieases the election availabilitv on the leaction site 
/ / / / < / \ iiiK iiid n i o l i t u l II si i i iLluiL , I iliL nihi l lU I 
S \ o Dts i izn i t ion Sli iKUiral loi null i \ b b i t . \ i lUoii 
1 s i l i p h t i w l Z 4 d i t l i i oh iun .1 
I u 1\1 s pl i t . i i \ l 2 4 t l i ihui l i iu iLl 
in i suKI s p l iL in l 2 4 d i t h i o h i I ILI 
( QV-NH-C-NH - C - H N - Y Q \ 
\ / II II \ — / 
s s 
H , C - / O y N H - C - NH-C- H N V Q ) 
s s 
H3 CO - / O V NH-C-NH-C-HN --(Cj) 
n P D T B 
I t ' D t l i 
V P D I B 
1 i l i l o iop lKi iNl ^ p l K i n I 2 4 dil ' iK 111 UK I z\-\C)yn\^-c~HH~c- H N - / Q \ 
5 S 
( I'D IB 
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Jdlilc 2 Coirosion pjuimclei^ foi dideicnl conceiur.itions of dilhio-
hiurccs denv.iirvcs obl.iined from ucighl loss studlc^ iii 1,3 and 5 M 
HCl at 40 °C for 3 h 
Inliibnor conccnlrauon 
/ppm 
1 M HCl 
25 
50 
100 
200 
300 
400 
500 
3 M HCl 
100 
200 
300 
400 
500 
600 
700 
5 M HCl 
200 
300 
500 
700 
1000 
IE % 
APDTB 
-
96 1 
96 4 
97 5 
98 1 
9S 5 
98 6 
98 9 
-
93 6 
95.4 
96 5 
97.6 
98.5 
9S.9 
99.2 
-
8-.5 
91.5 
95.1 
98.1 
99.8 
TPDTB 
-
93 4 
93 9 
95 6 
96.9 
97 8 
98 I 
98 6 
-
93 4 
94 7 
96 4 
97.4 
98 1 
98 4 
98.9 
-
77.1 
83.2 
91.2 
95.7 
99.6 
DPDTB 
-
92 3 
93.4 
94 8 
96 1 
97.2 
97.6 
98.1 
-
91.7 
92.5 
95.1 
97.1 
97.5 
98.3 
98.9 
-
69.4 
77.3 
87.9 
92.9 
98.8 
CPDTB 
-
88 7 
91.2 
91.4 
93.7 
94.5 
95 6 
95.9 
_ 
93 1 
94.6 
95.1 
95 8 
96.3 
96.5 
96.8 
-
63.4 
71.7 
82.6 
92.1 
98.3 
and causes less adsorption of chloro derivative CPDTB 
on the metal surface as compared to DPDTB 
The inhibition efficiency of all the substituted dithio 
biurets is found to decrease with the increase in acid 
concentration from 1 to 5 M HCl Figure 1(B). This is 
due to the desorption of inhibitor molecules in strong 
acids. 
The effect of temperature on the inhibition efficien-
cy in 1 M HCl is shown in Figure 1(C). It was found 
that IE increases with increasing temperature from 40-
70 °C. The increase in inhibition efficiency may be 
attributed to the chemisorption of dithiobiurets on the 
mild steel surface. The effect of immersion time on 
inhibition efficiency is shown in Figure \(D). U is 
clear that inhibition efficiency of dithiobiurets increas-
es with immersion time due to the formation of a 
barrier film which prevents acid attack on the metal 
surface. 
3.1.1. Mechanism of corrosion inhibition 
The inhibition of corrosion of mild steel in acidic 
solutions by DPDTB and its derivatives can be ex-
plained on the basis of adsorption on the metal surface, 
(i) Dithiobiurets exist in acid solutions as neutral 
molecules or in the form of cations. They can ad-
sorb on the metal surface in the form of neutral 
100 
UJ 
100 300 500 
Concentration/ ppm 
3 5 
Acid C o n c e n t r a t i o n / M 
100 
UJ 
95 
90 
85 
40 50 60 70 
Temperature / t 
UJ 
lUU 
yb 
92 
ae 
_ J^l^;;^^ 
•ttf / 
- Xd) 
( D ) 
1 1 
1 
1 1 
24 48 72 
Time / h 
96 
nv I Varijiion of inhibiiion elTiciency (A) uilh inhibuor conccmralion (ppm) al 40 °C m I M HCl (B) with conccnIr.Uion (M) ol HCl 
coiujimng 500 ppm of mhibiior al 40 'C. (C) unh temperature ("C) in 1 M HCl contaimug 500 ppm of mhibitor. and (D) with immersion time 
(h)al rt 25 - 5 ' C m I \1 HCl conlammg 500 ppm concentration ol mhibiloi Cuivcs (a) APDTB, (b) TPDTB. (c) DPDTB .iiid (d) CPDTii 
1b6 
•"as 
IHOICCUILS \ia the chemisoi ption mcthanisiii [21] 
imoKing tlie sluiing ol electrons between the at-
oms of iiilrogen and sulphui with iron 
(ii) Adsorption of these compounds occurs through n 
electron interactions between the benzene ring of 
the molecules and the metal surface and 
(111) tliev can also adsorb on the metal surface in the 
foim ol a positi\ely charged protonated species 
which can interact elcctrostaticall> uith negatively 
chaigcd metal surfaces [22] 
The adsorption of all substituted dithiobiurets in 1 to 
5 M HC! was confirmed by plotting the 0 (surface 
coverage) against log C (concentration) The straight 
line obtained in all cases shows that the compounds 
follow a Temkin adsorption isotherm (Figure 2(A-C)) 
3 2 PotL'ntiod\naimc polaiization siudies 
Both the anodic and cathodic polarization behaviour of 
mild steel in 1 to 5 M HCl in the absence and presence of 
substituted dithiobiurets are shown in Figure 3 The /jorr 
\alues decrease considerably in the presence of different 
concentrations of inhibitor The maximum decrease in 
/cprr value IS obtained at 500, 700 and 1000 ppm in 1, 3 
and 5 M HCl. respectively The electrochemical polar-
ization curves of IPDTB and CPDTB show the 
predominantly cathodic nature of the inhibition in all 
acidic solutions The values of cathodic Tafel slope, b^ 
for TPDTB and CPDTB are found to change with 
inhibitor concentration, which clearh indicates the 
influence of the compounds on the kmetics of the 
hydrogen evolution reaction However, the value of 
the anodic Tafel slope. 5j. is practically constant as 
these compounds do not influence anodic dissolution 
In the case of APDTB and DPDTB the Tafel slope 
values Aa and b^ remain almost constant indicating that 
they are mixed t\pe inhibitors 
3 3 EleiII 0(.lumica/ impec/aiue studies 
Various impedance parameters such a^ charge transfer 
resistance (R^) double laser capacitance (Qi), corrosion 
current density (/^ orr) and inhibition etYiciency (IE) are 
given in Table 3 The charge transfer resistance value 
(y?i) IS calculated from the difference in impedance at 
lower and higher frequencies as suggested by Haruyama 
and Tusru [2^] Cj\ (double laver capacitance) values 
were determined using the following relation 
(1) 
- ^ / ( ~ - i m m j \ j 'V l 
1-00 
0 - 9 5 -
0-90 -
0 -85 -
1-6 2-0 2-i. 2-8 
Q 
1 -UU -
0-98 -
0 -96 -
0-94 -
0 -92 -
1 ^ ^ ^ 
1 ' 1 1 
^ 
(B) 
1 1 
2-0 2-2 2-4 2-6 2-8 
9 
1-00 -
0-90 -
0-80 -
0 - 7 0 -
0-60 -
( Q ) , ^ ^ ^ ^ 
^^r^-'tbV^^X^ 
1 1 1 
( C ) 
1 1 
2-3 2-5 
log 
10 
2-7 2-9 
(C/PPM ) 
3-1 
It IS seen from Figures 4(A-D) that the presence of 
dithiobiurets increases R^ and decreases Cji and /corr 
Fit 2 Temkin adsorption isotherm plots for mild steel in (<i) I M 
(b) " M (c) 5 VI HCl cont lining dithiobiurets Curves (i) APDTB 
(b) TPDTB (c) DPDTB ind (d) CPDTB 
Figdre 5 The results show that both compounds reduce 
the permeation curient The reduction in hydrogen 
permeation current may be attributed to adsorption on 
the mild steel surface which prevents the permciition of 
hvdrosen into the metal 
i 4 lUdic^Lii piniKQUon snidw; 
Hydrogen permeation for mild steel in 1 M HCl con 
taming 500 ppm of CPDTB and DPDTB is shown .n 
3 > Auv,ci clcciion spccnoscnp\ 
Auger electron spectrum obtained foi plain mild steel 
and mild steel exposed to 1 M HCl containing 500 ppm 
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Current density /10 A m"' 
LU 
o 
CO 
> 
> 
' .•- ' 
c B 
"o 
CL 
400 
500 
600 -
700 
Current density /10^ A m'^  
6 0 0 
5 0 0 
6 0 0 
-~ M 
(e^ 
<dK 
J c ) (by 
,/^-^^^/^ ^<^') 
^^ ^^  (C) 
\ ( a ) 
UJ 
O 
CO 
> 
> 
I 
c 
0) 
"o 
0 1 10 10^ 
Current density /10^ A m"^  
Fii 3 Poienuodvnamn. poljrizatioii cur\es for mild steel in (A) 1 M HCI (U) f M HCl and (C) ^ M HCI com i in inj "-OO 700 and IWKJ ppii 
diihiobiureis Curves (al blank (b) C P D T B (c) D P D T B (d) T P D T B and (c) A P D T B 
of APDTB are slioun in Figure 6(a, b) The appearance 4. Conclusion 
of peaks ai 152 and 378 eV respccti\cly indicates tlie 
adsorption of APDTB on the metal suifacc through S 
and N atoms 
The main conclusions aie as follovks 
(i) All the substituted dithiobiuiets show good iiihi 
bition efliciencN in the lange 1 5 M HCI 
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7M) 
Icihli ? Inhibilion l.rtll.lLlKll.^ < hi imtd loi dillLri.nl LOIKLIIII iiion-. ol 
dithiobiurLls dcn\ iliM.!> Ironi ikLitlil lovs nii. ISUILIULIHS iii ibMiin 
ind prcsciiLC ol KI 
S\ileni 
1 \l HCl 
^PDru 
TPDTB 
DPDTB 
CPDTB 
InhibUor 
concenlr.uion 
ppm 
-
M)0 
^00 
"SOO 
M)0 
'00 
^00 
"500 
^00 
«, 
ncm' 
ll"! 
1-00 
2140 
1400 
2000 
7-0 
900 
6-0 
&00 
Q , 
/iF cni"-
i:S'!2 
9>7 
S4-
1029 
S66 
1812 
1729 
2'oO 
1947 
/.,„ 
A Ml 
1^-
K)0-
S 71 
12 14 
9S6 
24 1? 
22 11 
26 SI 
2-141 
IC 
0 
94 U' 
')4 61 
91 S' 
94 2-
S6 44 
S7 24 
';194 
S-61 
(a) The IE of all compounds increases with increase in 
inhibitor concentration, temperature and immer-
sion time, whereas it decreases with increase in 
acid concentration 
(ill) The IE of the substituted dithiobiurets follows 
,n the order APDTB > TPDTB > DPDTB > 
CPDTB 
(i\) The adsorption of all the compounds on mild steel 
from acidic solution obeys a Temkin adsorption 
isotherm 
(v) The potentiodynamic polarization study shows 
that APDTB and DPDTB behave as mixed in-
hibitors whereas TPDTB and CPDTB act pre-
dominanth as cathodic inhibitors 
400 
200 600 1000 1400 1800 2200 
BOO 
Z (Re) ID. cm^ 
Fig 4 N\quist plots Tor mild sleel in 1 M HCl in absence and presence 
of differeni concentraiions of dilhiobiurels (a) blank, (b) 300 ppm 
and (c) 500 ppm For (A) APDTB. (B) TPDTB (C) DPDTB and 
(D)CPDTB 
24 -
20 
l i t 
c 
<u 
o 
c 
o 
0) 
E 
Q. ^ 
/ ^ J * - ^ " ** ** 
V / ^ ^ — • — 
. it 
• 
k— — k • 
M 
« 
k 
M 
• 
k 
X 
• 
( a ) 
( h ) 
( c ) 
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Time/min 
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Fatty Acid Derivatives as Corrosion Inhibitors for 
Mild Steel and Oil-Well Tubular Steel in 15% 
Boiling Hydrochloric Acid 
M.A. Quraishi*, Danish Jamal, and Mohd. Tariq Saeed 
Corrosion Research Labofatory, Department of Applied Chemislry, Faculty of Engineering & Technology, Aligarh Musli 
University, Aligarh - 202 002, India 
ABSTRACT: Selected hydrazides and thiosemicarbazides of fatty 
acids with 11,12, and 18 carbon atoms were synthesized and eval-
uated as corrosion inhibitors on mild steel and oil-well steel (N-801 
in boiling 15% hydrochloric acid solution, by weight loss method. 
Potentiodynamic polarization studies carried out on mild steel and 
N-80 steel at room temp)erature showed that all the tested com-
pounds are of mixed type. Adsorption studies showed that all the 
investigated compounds followed Temkin's adsorption isotherm. 
Paper no. J9195 \nJAOCS77, 265-268 (March 2000). 
KEY WORDS: Corrosion inhibitors, fatty acid hydrazides, fatty acid 
thiosemicarbazides, mild steel, oil well tubular steel, potentiody-
namic polarization, Temkin's adsoqption isotherm. 
Corrosion inhibitors are widely used over a range of corrosive 
environments. A variety of organic compounds are effective cor-
rosion inhibitors under acid conditions including acctylenic al-
cohols, aroniatic a-, P-unsaturaicd aldehydes, a-alkenyl phe-
nones, nitrogen- and sulfiir-coaiaining heterocyclic compounds, 
quaternary ammonium salts, and condensation products of car-
bonylsand amities (1-4). 
Among these compounds, acetylenic alcohols are widely 
used as acid inhibitors in induscpi' because of their commercial 
viability and effectiveness. Houever, these inhibitors produce 
toxic vapors under acidic conditions, and are effective only at 
high concentration. Because of this, a need exists for develop-
ment of new acidizing inhibitors. 
Continuing our work on development of acid inhibitors 
(5-8), we have synthesized a few hydrazides and thioscmicar-
bazides of long-chain fatty acids with a view to evaluate their 
corrosion inhibition properties oo mild steel and N-80 steel in 
15% boiling hydrochloric acid (HCl). These fatty acid deriva-
tives were chosen because they are more environmentally be-
nign, less toxic, and more cost effective than acetyknic alcohols. 
MATERIAL A N D METHODS 
Weight loss measurements. Corrosion experiments were 
carried out using N-80 steel (2.0 x 1.0 x 0.7 cm) and cold 
rolled mild steel in 15% HCl. The mild steel sample (2.0 x 
2.0 X 0.6 cm) had the following percent composition: C, 0.14; 
Mn, 0.35; Si, 0.17; S, 0.025; P, 0.03; the remainder, Fe. The 
experiments were performed in a 500-mL three-neck round-
bottomed flask using a coixlenser at 105 ± 2°C as per ASTM, 
G 1-72(9). 
Electrochemical studies. For pwtentiodynamic p>olarizaiion 
studies, mild steel strips and N-80 steel of the same com-
position embedded in Araldite (Aldrich Chemical Co., St. 
Louis, MO) (a fixing material) with an exposed area of 1.0 
cm^ were used and the experiments were carried out at con-
stant temperature of 28 ± 2°C as per ASTM G 3-74 and G 5-
87 (9). Potentiodynamic polaiizadon studies were carried out 
using a potentiosiai/galvanostat (model 173; EG&G, Gaithcr^-
bm-g, MD), a luiivcrsal programmer (model 175; EG&G), 
and X-Y recorder (model RE 0089; EG&G). A platinum 
foil was used as auxiliary electrode, and a saturated calomel 
electrode served as reference. Analyzed rcagcni-grade 
HCl (Merck India Ltd., Bombay, India) and double-distilled 
water were used for preparing lest solutions of 15% HCl for 
all experiments. The inhibitors were synthesized in ouj 
laboratory following procedures reported elsewhere (10,11), 
and all compoimds were characterized through their spectral 
data. Their purity was confirmed by thin-layer chroma-
tography. Names and molecular structiu'es are presented in 
Schenrie 1. 
RESULTS A N D DISCUSSION 
Weight loss measurements. The values of percentage inhibi-
tion efficiency (%I.E.) and corrosion rate obtained by the 
weight loss method at different concentrations of hydrazides 
and thiosemicarbazides in 15% HCl under boiling condition 
are summarized in Table 1. The %I.E. and surface coverage 
(9) were calculated using the following equations (12); 
%1.E. = [(«"-HO/H^Jx 100 
e = (W' ' -W) /H ' ' 
[1] 
[2] 
•To whom corrcspondcDcc should be addressed. 
E-maJI: icrOOl &AML'.up.nic.in 
where W° and W are the weight loss in the absence and pres-
ence of inhibitors, respectively. In Table 1, %I.E. increases 
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SCHEME 1 
V. ich increasing concenirauon of inhibitor. Maximal %I.E. 
'A as obiaincd at 5,000 ppm of inhibitor Among the com-
pounds tested as inhibitors for corrosion of mild steel m boil-
ing 15"^ HCl, the order of %I E at maximal concentration (i e , 
5 000 ppm) was undecenoic and hydrazidc (UAH) > oleic acid 
h\drazidc (OAH) > launc aad hydrazide (LAH) For semithio-
carba/idc^ at the optimal concentration of 5 000 ppn\. the order 
wa^ l-dccene-4-phen>l-thiosem]carbazidc (OPTS) > 1-hep-
tadecene-4-phen>l-thiosemicarbazKJe (HPTS) > 1-urKlecane-4-
phenyl-thiosemicarbazidc (UPTS) 
Corrosion mhibiuon tests at different immersion times also 
v.ere earned out on N-80 steel under similar condiaons using 
concentrauons of 5,000 ppm UAH and DPTS (Table 2) UAH 
and DPTS were found to have inhibition efTiciencies of 61 9 
and 69 99c, respectively, at 0 5 h The %1 E for DPTS and 
UAH decreased with mcreasing test duraDon from 0 5 to 6 0 h 
The decrease in inhibitor effectiveness at longer immersion 
umcs can be caused by various faaors such as increase in ca-
thodic or hvdrogen evolution kmeucs or increase in concen-
tration of ferrous ions (1) 
Pnlen!itxi\namic polarization studies Corrosion parame-
ters such as corrosion current density (/ ) corrosion poten-
tial (£ ) and 9tl E obtained from potentiodynarmc polar-
i?auon curves of mild steel and N 80 steel in 15"^ HCl at 28 
± 2°C in the absence and presence of inhibitors are given in 
Table 3. The 1^^^^ value decreases significanlly in the presence 
of the fatty acid derivatives, indicating that the compounds 
are effective corrosion inhibitors. Also, these compounds do 
not cause any significant change in corrosion pwteniial val-
ues, suggesting that they are mixed-type inhibitors, i e , they 
inhibit corrosion by slowing dov^n both anodic and cathodic 
corrosion processes 
A sigmficani feature of the invesugaDon is that the thiosemi-
carbazides of fatty acids showed better %1 E than the respec-
tive hydrazides of fatty acids This may be attributed to the high 
polanzibility of sulfur atoms of thiosemicarbazidcs, which fa-
cilitates greater adsorption of thiosermcarbazides than hy-
drazides, which have less polanzable nitrogen atoms 
Meclianism of corrosion inhibition One plausible mecha-
nism for the corrosion inhibition exhibited by the thiosemi-
carbazidcs and hydrazides used m this study is that of adsorp-
tion Thiosemicarbazidcs and hydrazides can adsorb onto 
metal surfaces through lone pairs of electrons present on ni 
trogen or sulfur atoms and through 7i-elecirons present in 
these molecules To test this hypothesis, we plotted the sur-
face coverage (9) and log concenirauon values and obtained 
straight lines (Figs land 2) These observations suggest ad-
sorption of thiosemicarbazidcs and hydrazides to the mild 
steel surface/acidic solution interface occurs according to 
Tcmkjn's adsorption isotherm (13) 
lAtXLS \o\ "7 no 3 (2000) 
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TABLE 1 
C o r r o s w n P a r a m c t c i V (or M i l d Slc<H KI Boi l ing 1 5 % H O (105 t 2-C) 
in the Absence ini Presence of Five Concct i t ra t ions o f S<K Inhib i tors 
t o n f c n u a l i o n 
(ppm) 
In i l ia l w c i g h l Wc tgh l kiss I E " Corrosion rale 
(mmpy) 
I S ^ H C I 16 73 7 60 - *^A20 
Laurie ac id hydrazide (LAH) 
\000 16 98 2 78 63 S 5,268 
2000 16 62 2 48 67 4 4,701 
3000 17 02 2 26 70 3 4,278 
4000 16 91 2 24 70 6 4,245 
5000 1643 2 18 71 3 4,134 
O l e i c ac id hydrazide (OAH) 
1000 1 6 4 0 3 78 50 3 7,165 
2 0 0 0 16 62 2 27 70 2 4,301 
3 0 0 0 16 85 1 6 8 77 9 3,181 
4 0 0 0 17 04 1 30 82 9 2,464 
5 0 0 0 16 68 1 f 9 &4 4 2,251 
Urvdecenoic ac id hydrazide (UAH) 
1000 16.46 2 95 6 1 2 5,593 
2 0 0 0 16 23 2.32 69 5 4,398 
3 0 0 0 16 82 1 53 7 ^ 9 2,897 
40.13 l b 69 0 93 6 " 8 1 756 
5O00 16 68 0 73 90 4 1,380 
TABLE 3 
Electrocherr i lcal Po la r i za t ion Parameters for Corrosion of M i l d S t c d 
and N-80 Steel in 1 5 % HC1 C o o U i n i n g Various Inhib i tors at 28 t 2*C 
Concentrat ion" ' 
15% HCI 
U A H 
500 
O A H 
500 
U A H 
500 
UPTS 
500 
HPTS 
500 
DPTS 
500 
1 5 % HCI 
U A H 
500 
DPTS 
500 
steel ( rnVvs SCE) ( m A c m ' ^ i 
Mild steel 
Mild sled 
Mild steel 
Mild steel 
Mild steel 
Mild steel 
Mild steel 
N-80 sleel 
N-80 steel 
N-80 Sleel 
-539 
-540 
-542 
-543 
-543 
-534 
-534 
-548 
-539 
q f ) 
I E 
3 50 
0 5 2 
0 18 
0 K 
OCT 
COS 
0 0 3 
0 4 7 
031 
0 20 
— 
85 0 
94 7 
96 0 
97 4 
98 6 
99 0 
— 
34 0 
57 4 
Moncenl ial ion in ppm except for HCI 
* f^^ , cotTiMon potential, SCF, salutated calomel ^" l^^ livKto 
^^cnr coaosion currcnl density imilliamperes per cenlmiccr tor i,i,->^ al)brp^ 
viations see Table 1 
1 -Uridecar>e-4-phenyl-thiosemicarbazi(Je (UPTS) 
1 0 0 0 1 7 1 2 6 3 1 17 1 
2 0 0 0 17.02 4 23 44 5 
3 0 0 0 16 32 3.20 58 0 
AOOO 16 62 1 9 0 75 0 
5 0 0 0 16 49 1 6 9 77 8 
l -Hepiadecene-4-pheny l - th iosemicar t )a2 ide (HPTS' 
1000 1 6 7 7 5 18 32 0 
2 0 0 0 16 72 3 67 51 9 
3 0 0 0 16 53 2 89 62 1 
4 0 0 0 16 89 1 81 76 2 
5 0 0 0 16 58 1 0 5 86 1 
1 -Decene-4-phenyl - lh iosemicar t )az ide (DPTS) 
1000 1 6 2 9 2 61 
20CX) 16 99 1 8 9 
3 0 0 J 16 38 1 06 
4O0D I 0 6 0 0 4C 
5 0 0 0 16 30 0 30 
65 
q ; (I 
9o 
11,950 
8,003 
6,056 
3,608 
3,207 
9,803 
6,943 
5,465 
3,430 
1,999 
4,952 
3,591 
2 019 
879 
578 
^ e l e r m i n e d from weight loss r'Teasorerr>erUs 
* lnh ib l ion eff iciency, delemi ined as •<.! E = | i l V ^ - t f i I'l'"] x 100, where 
I f and U-'are the weigh! loss in the absence and presence of inhibitors 
Abbrevnation m m p \ , millirr>eters per year 
TABLE 2 
C o r r o s i o n Parameterr" for N-80 Sleel in 1 5 % HCI at 105 ± 2*C in 
Absence and Presence of I r ih ib i lo r 
0 5 h 3 O h 6 0 h 
I E 
Concen t ra t ion 
C R 
( m m p \ I 
IE 
(%) 
C R 
( m m p \ 
I t 
(%l 
C R 
(mmpy l 
HCI.15S.) -
UAH (5000 ppmi 61 9 
DPTS oOOOppml 69 9 
3140 
1 1 % 
946 
_ 
46 2 
92 5 
2 380 
1280 
178 
— 
43 1 
90 8 
1813 
1024 
166 
•l^rom weight loss measurements C R , corrosion rale for other atibreMalions 
see TaSle 1 
M 32 JX M M *.0 
log coaccMnuoD (ppoi) 
FIC. 1 . Temkin 's adsorpt ion isotherm plots for tlx- a r iscp i ion o' 
hibno.-s in 15°/.. bo i l ing HCI on tfie surface of mild-.KK'! ' I ' l a u r i i . 
drazidc, (2) o l c u ,if id hvrir , ;zidc, (3) undccenoir ,11 i r h\r',-i^ir 
face coverage 1 . i lcu la ied as e - ( H " - H i l l " , w ' l . r( I ' . ' and I 
weight loss in the absence and presence of inhibiiors 
thrtH' in 
.••cir h i 
.= re ' h<" 
1 0 -
O X -
0 1 
K J€ 3.6 i-C 
log concentration (ppml 
FIG. 2. Temkin 's adsorpt ion isothemi plots for ibc adsorption o ' ihre<^ 11 
hibi lors in 1 5 % boi l ing HCI on ttx" surface of mi ld ycel ( l l 14Jndecano-4 
phenyl-thiosemicartiazide, (2) 1-heptadecene-4-phen>l-ihiosemKa-tia7io 
and (3) 1 <iece^^e-4-phen',^-th^os<•mlcarb.Vldc 
l ^ ( x •- \<, ! 
-•t>> 
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Fatty Acid Triazoles: Novel Corrosion Inhibitors for Oil 
Well Steel (N-80) and Mild Steel 
M.A. Quraishi* and Danish Jamal 
Corrosion Research Laboratory, Department of Applied Chemistry, Faculty of Engineering & Technology 
Aligarh Muslim University, Aligarh - 202 002, India 
ABSTRACT: Three fatty acid triazoles, namely, 3-undecane-4-
aryl-5-mercaplo-l,2,4-irtaz.ole (trtazole 1), 3(hepiadeca-8-€ne)-
4-aryl S-mercapto i,2,4-triazole(triazole 2), and 3(deca-9-ene)-
4-aryl-5-mercapto-l ,2-4-triazole (iriazole 3) were synthesized 
and their corrosion inhibiting action in 15% hydrochloric acid 
was evaluated by weight-loss method and electrochemical tech-
niques Electrochemical polarization studies at room tempera-
ture indicated that all the triazoles are mixed-type inhibitors, 
I e , they inhibit both anodic and cathodic reactions. The ad-
sorption of these compounds onto mild steel from 15% HCI fol-
lowed Temkin's adsorption isotherm 
Paper no J9541 in JAOCS 77, 1107-1111 (Oaober 2000) 
KEY WORDS: Corrosion inhibition, fatty acid triazole, mild 
steel, oil well tubular steel, Temkin's adsorption isothemi. 
Acidification of peirolcum oil wcUs is an imporiani stimula-
tion technique for enhancing oil production. Hydrochlonc 
acid (15-28%) is commonly used for acidification. Because 
of the aggressive nature of the acid, inhibitors are commonly 
used to reduce the aggressive attack of the acid on oil well 
tubing and casmg materials during acidization (1). 
A literature survey (2-5) on high-temperature acid corro-
sion inhibitors indicates that a variety of organic compounds 
are effective corrosion mhibitors durmg acidificauon includmg 
acetylenic alcohols, aromatic aldehydes, alkenyl phenones, ni-
irogen-containmg heterocyclics, and imnunium salts. Among 
these compounds acetylenic alcohols are widely used as acidi-
fying inhibitors m industry because of their commercial avail-
abibty and cost effectiveness. However, these inhibitors are ef-
fective only at high concentrauon and produce toxic vapors 
dunng the acidificauon process (6). Because of this, there is a 
need for developing new acidifymg corrosion inhibitors 
Conunuing our work on developing acidifying corrosion 
inhibitors (7-11), we synthesized three fatty aad uiazoles and 
evaluated theu- corrosion-inhibiung properties on mild steel 
and N-80 (oil-well tubular steel) in 15% HCI at boiling tem-
perature (105 ± 2°C) and at room temperature (28 ± 2°C) The 
selection of this type of fatty acid denvatives was made be-
cause ihey are environmentally benign and have low toxicity 
•To wtiom correspondeace should be addressed 
E-mail act02niaq@amu up nic in 
(12,13) A literature survey indicated that no work has been 
reported on the use of fatty acid denvatives of triazoles as 
corrosion mhibitors 
MATERIAL AND METHODS 
Weig/it-/ois measxiremenls. Experiments were conducted 
using oil-well steel (N-80) and cold-rolled mild steel in 15% 
HCI. The mild steel sample (2.0 x 2.0 x 0.6 cm)—having a 
composition C, 0.14%; Mn, 0.35%; Si, 0.17%; S, 0 025%, P, 
0.03%; remainder Fe—and N-80 steel (2.0 x 1 0 x 0 7 cm) 
were used for weight-loss measurement studies The expen-
ments were performed in a 500-mL three-neck round-bot-
tomed flask, to which a condenser was attached, for 0.5 h at 
105 ± 2°C as per ASTM G 1-72 (14). Corrosion rates are ex-
pressed as mmpy (millimeters per year). 
Electrochemical studies. For potcntiodynamic polarization 
studies, mild steel smps and N-80 steel of the same cpmposi-
tion were embedded in araldite (a fixing matenal, made up of 
epoxy resin) with an exposed area of 1.0 cm^, and tht expen-
ments were earned out at a constant temperature of 28 ± 2°C 
as per ASTM G 3-74 and G 5-87 (14). Potentiodynamic po-
larization studies were earned out using a potenuostat/gal-
vanostat (model 173; EG&G, Gaithersburg, MD), a universal 
programmer (model 175; EG&G) and X-Y recorder (model 
RE 0089, EG&G). A platinum foil was used as auxiliary elec-
trode and a saturated calomel electrode served as reference 
Analyzed reagent grade HCI (Merck, Darmstadt, Germany) 
and doubled-distilled water were used for preparing test solu 
tions of 15% HCI for all experiments TTie inhibitors were 
syntnesized in the laboratory following procedures reported 
elsewhere (12,13), and all compounds were characterized 
from their spectral data Names and molecular structures are 
presented in Scheme 1 
RESULTS AND DISCUSSION 
Weiglil-loss measurements. Tlie values of percentage inhibi 
tion efficiency (%[E) and corrosion rate obtained by weight-
less methods at different farty acid triazole concentrauons in 
15% HCI under boiling conditions at 105 ± 2°C are summa-
nzed m Table 1 The %IE and surface coverage (6) were cal-
culated using the following equations(15) 
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N — H 
CH,-{CH,);:^N''"-SH 
3-Undectn«-4-aryt-5-mercapto-
(TriazoliS 1) 
CH,-<ay,-CH= ai-<cn,). ,-^N^'^'SH 6 
3-<Hq)tadeca-8-«neH-af>4-5-
mercapto-1 A4-triazolc 
Crriaz£ile2) 
N • — N 3-(Dcc*-9-€ae)-4-ifyl-5-<nerc*pto-
CHj= Q i - (CHj), N ^ ^ " ^ (Triazole 3) 
SCHEME 1 
TABLE 1 
Corrosion Parameters for Mild Steel in Boiling 15% HCl (105 ± 2°Q in Absence 
and Presence of Different Concentrations of Various Inhibitors'* 
Concentralioo 
(ppin) 
15% HCl 
Triazole 1 
1,000 
2,000 
3,000 
4,000 
5,000 
Triazole 2 
1,000 
2,000 
3,000 
4,000 
5,000 
Triazole 3 
1,000 
2,000 
3,000 
4,000 
5,000 
Weight loss 
(g) 
7.60 
4J9 
4JX) 
3-80 
3J1 
3M 
2.95 
2.09 
1-52 
1.13 
0.72 
3.70 
1.64 
0J4 
0J2 
0-29 
IE 
(%) 
— 
42 J 1 
4 7 ^ 0 
50.15 
56.52 
60J0 
61J3 
72S2 
80.05 
85.18 
90.53 
51.42 
78J0 
95.52 
95.73 
96.20 
CR 
(mmpy) 
14,420 
8,319 
7,569 
7,195 
6,270 
5,739 
5,591 
3,962 
2,877 
2,141 
1,365 
7,005 
3,100 
640 
616 
548 
'As detennined from weighl-losj measfwieiits. 
mined as miUitneterj pef year (mmpy); Triazole 1 
azole 2; 3^heptadeca-^-eneM-ar)4-5-rne«2p'o-
meitapto-1,2, A-triazdie. 
IE, inhibitioo efficiency; CR, cornxion rate; Aetef-
: 3-undecane-4-^ryl-5wT)eicapto-1,2/4.triazDle; Tri-
1,2,4-triazole; Triazole 3; 3-(dec».9-ene)-4-aryl-5-
lACM-S Vol 77, no 10(2U<t) 
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Corrosion Parameters (or N-80 Slcel in 15% HCI at 105 ± VC in Absence and Prescncp 
of Inhiljilor'' 
Cooccfrtration 
(ppm) 
15% HCI 
Triazole 3 
3,000 
5,000 
0 3 h 
IE 
(%) 
— 
84^7 
91^1 
CR 
(mmpy) 
3,140 
475 
257 
IE 
(%) 
— 
95J3 
91J0 
3.0 h 
CR 
(mmpy) 
2;J80 
106 
207 
6.0 h 
IE 
(%) 
— 
93J7 
88.95 
CR 
(mmpy) 
1,813 
122 
200 
•As determined from wcightJoss measurefnenlj. for abbreviations tec Table 1. 
%[E = [(IV" - WO/W"] X 100 
e = ((«'''-ivy w" 
[1] 
(21 
where IV° and W are the weight loss in the absence and pres-
ence of inhibitors, respectively. Table 1 indicates that 9bIE 
increases with increasing inhibitor concentration. Maximal 
%IE is obtained at 5000 ppni. All three fatty acid triazoles ex-
hibited good corrosion inhibition at 5000 ppm. Triazole 3 
gave the highest inhibition efficiency (96.2%) whereas Tria-
zoles 2 and 1 showed 90.5 and 60.2% inhibition efficiency, 
respectively, at a concentration of 5000 ppm. 
Table 2 summarizes the values of % IE and corrosion rale 
of N-80 (oil-well tubular steel) for Triazole 3 for immersion 
times of 0.5, 3.0, and 6.0 h at a temperature of 105 ± TC in 
15% boiling HCI at concentrations of 3000 and 5000 ppm. 
The effectiveness of a compound as a corrosion inhibitor 
depends on the structure of the organic compound (15). High 
corrosion-inhibiting properties of triazoles may be attributed 
to the lone electron pair present on N and S atoms and the n-
clectrons of the heterocyclic ring, which favor adsorption of 
these compounds on the metal surface leading to higher inhi-
bition efficiency. The lateral interaction of long-chain hydro-
carbons is mutual and can result in the formation of a thick 
network that further facilitates the formation of a compact 
film of inhibitor on the metal surface. Triazole 3, having a 
double bond at the terminal position, exhibited the best per-
formance as corrosion inhibitor (17). That the compound ex-
hibited the highest inhibition efficiency may be attributed to 
its adsorption on the metal surface through polar groups as 
well as through Jt-clectrons of the double bond. This leads to 
greater coverage of the metal surface by these compounds, 
- » 0 
-fcSO 
-5S0 
-«S0 
-
-
1 
1. 
.. 1 
] 
_^ * 
2 
..1 
^^ •7 / 
1 
.\ 
. ,.l 
1.0 10 
C u r r e n t dens i t y ( m A - c m " ^ 
•00 
FIG. 1. Anodic and calhodic potentiodynamic polarization curves for mild steel in 15% H O in the presence and 
absence of various inhibitors at 500 ppm. (1) 15% HCI, (2) Tr i i role 1 (3-tindecane-4-afyl-5-mercapto-1,2,4-«ria-
zole), (3) Triazole 2 l3-(hep<acleca-8-ene)-4-aiyt-5-mefaipto-1,2,4-<riazole], (4) Triazole 3 (3-<tteca-9-ene>-4-aryl-5-
mercapto-1,2,4-triazole); SCR, saturated calome) electrode. 
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LiLCtrochcmical Polarization Parameters for the Corrosion of Mild 
Stci.1 in 15% HCI Containing Optimal Cortccntrations of Various 
Inhibitors at 28 ± 2°C 
Conccnlration 
(ppm) con (mVvs SCO (mA cm ') (%) 
15% HCI 
I rnzolc 1 
SOO 
Trnzole 2 
500 
1 ruzole 3 
500 
539 
- 5 3 9 
-525 
-515 
3S0 
OSS 
0 1 6 
0 03 
— 
8 3 J 7 
9S_25 
99 H 
*SCt, lalurated calotnel eledrcxJe. I^^„ represents CDfrosion current density 
as detemiined by the extrapolaUoo method as descnbed in Applicatjon h4ote 
of ECAC, Pnrx:E»on Applied Research (Cailhersbcrg, MD) The intersection 
of extrapolated curves at awrent axis bi-axis) gives the value of /^^^ for ab-
brevtatjons see Table 1 
thereby giving higher inhibiuon etficiency Tnazole 1 showed 
the lowest inhibition efficiency due to the absence of a dou-
ble bond in the hydrocarbon chain Tnazole 2, containing an 
nterral double bond at position 8, showed less inhibition ef-
ficiency than Tnazole 3, containing a Tt-bond and 10 carbon 
atoms, because compounds containing >10 carbon atoms 
show less inhibiuon efficiency owuig to decreased solubibty 
and increased stenc hindrance to adsorption (18) 
Electrochemical measurements The polentiodynamic an-
odic and cathodic polarization curves of mild steel earned out 
m 15% HCI containing 500 ppm concentrauons of all the tna-
zoles are shown m Figure 1 Vanous electrochemical parame-
ters calculated for the curves are given in Table 3 It can be seen 
T\BLt 4 
Ekctrocfxmical Polarization Parameters'' for the Corrosion of N )tO 
Stctl in 15% HCI Containing Optimal Concentrations of Various 
Inhibitors at 28 ± 2°C 
Concentration 
(ppm) (mV vs. SCO (mA cm ^) 
It 
(%) 
15% HCI 
Tnazole 3 
500 
-548 
-535 
0 47 
0 20 57 44 
'For abbruviatxxjs see Tables 1 and 3 
thai l^^ values decrease significandy in the presence of the ma 
zoles These observations indicate that the tnazoles studied are 
effective inhibitors for the corrosion of mild steel in 15% HCI 
Figiire 2 shows the polanzation behavior of N-80 steel in 15% 
HCI at room temperature in the absence and presence of 500 
ppm of Tnazole 3 The electrochemical parameters obtained 
from the curves are given in Table 4 The results show that these 
tnazoles do not cause any significant change in corrosion po-
tential values, indicaung that they are muted-type inhibitors 
Mechanism of corrosion inhibition To understand the 
mechamsm of corrosion inhibition, one must know the adsorp-
tion behavior of the organic compounds on the metal surface 
(19) The degree ot surface coverage (0) for different inhibitor 
concentrations has been evaluated from weight-loss values 
The data were tested graphically by fitting to vanous isotherms 
Straight lines were obtained by plotting 9 vs log C for Tna-
zoles 1-3 (Fig 3), suggesting that the adsorption of these com-
pounds from the acid on a mild steel surface follows Temkin's 
adsorption isotherm 
UJ 
o 
> 
E 
o 
a. 
Current density (mA-cni ^ 
FIG 2 Anodic (upward OJrving) and cathodic (downward curving) potentiodynamic polanzation curves for N-80 
steel in 15% H a in the presence and absence o( inhibitors at 500 ppm (1)15% HO, (2) Triazole 3 For abbrevia-
tions st-e Figure 1 
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CD 
1.0 
0.8 
a6 
a** 
^ 
9* '— 
A :r 
/ 
/ 
-—— 
/ 5 
• 
. r ^ ^ ^ ^ 
^^— 
10 12 3A 16 
FIG. 3. Temkin's adsoiption tsothenn pkxs for the adsorption of various 
inhibitors in 15% boiling HO on the surface of mild steel. (I) Tnazole 
1, (2) Tnazole 1, (3) Tnazole 3. 6, fractional surface converage; C corv 
cencration of thiazoie; for other abbreviations see Figure 1. 
REFERENCES 
1 Schmitt, G , Application of Inhibitors in Acid Media, Br Cor-
ros J 79 165-176(1984) 
2 Neemla, K D , R C Saxena, and A Jayaraman, Corrosion Inhi-
bition of Oil-Well Equipment During Acidizauon, Carrot Prev 
Control 6 69-13 (1992) 
3 Frenier, W , F B Growcock, and V R Lopp, a-Alkenylphe-
nones—A New Class of Acid Corrosion Inhibitors, Corrosion 
44 590-598(1988) 
4 Cizek, A , Acidizing Inhibitors, Mater Perform i i 56-61 
(1994) 
5 Monroe, R F, C H Kucera, and B D Gate, ComposiUoD for In-
hibiting Corrosion, U S Patent 3,007,454 (1963) 
6 Singh, D D N , and A K Singh, Synergistic Effects of Inorganic 
and Orgatuc Citjons on Inhibitive Performance of Propargyl Al-
cohol on Steel Dissolution in Boihog Hydrochloric Acid Solu-
tion, Corrosion 49 594-600 (1993) 
7 Quraishi, M A , M Q Ansan, S Ahmad, and j Venkatachari 
Sj iiLrjjistic 1 ffi-cls ol 2 \ 1 111 6 LIIIOI In j In 1 n li 
hibitive Perfomiancc of Propjrc)! Alcohol Dunnp ( i rr s)on o 
Mild Steel IQ Boiling H\drochloric Acid Solutions / > LI 
irochem 73 257-259(1997) 
8 Quraishi M A D J Perumal P Subramaiiian M Natcsan d 
Venkatachari aad K Balakrishiian A Study of C jrrosion ID 
hibitors on Oil Well Steel and Mild Sleel in Boiling HvdrcKlilo 
ric Acid, lhi± 12 100-102 (1996) 
9 Quraishi, M A S Ahmad and M A Ansari Inhibition of Sin I 
Corrosion by Some Nev, Tnazole Derivatives in Boiling H> 
drochlonc Acid, Br Corros J 52 297-300(1997) 
10 Quraishi, M A , D J Perumal, and G Veokatacharai A Studv 
of Corrosion Inhibitor on Oil Well Steel and Mild Steel in Boil 
ing Hydrochlonc Acid, Bu// Eleclrochem 72 526-528(1996) 
11 Quraishi, M A , and D Jamal, Dianils New and Effective Cor 
rosion Inhibitors for Oil-Well Steel (N 80) and Mild Steel in 
Boiling Hydrochloric Acid, Corrouon 56 156-160 (2000) 
12 Danlata, C D , AJvl Mirajkar, and K M Hosomani, Oleochemi 
cals II Synthesis and Biological Evaluation of Some Substituted 
1,3,4-Oxadiazoles and l,2,4,4H-Triazoles, y Oillech Atmc 
/n<f(a 27 27-29 (1989) 
13 Iqbal, M , M H Kittur, and C S Mahajanshetti, Oleochemicals 
Part 1—Synthesis and Biological Evaluation of 1,3 4-Oxadia 
zoles and 4H-l,2,4-Triazoles Derived from Long Chain Fatty 
Acids, Ibid 16 49-52 (1984) 
14 American Society for Testing and Materials, Metal Corrosion 
Erosion and Wear, Annual Book ofASTM Standards, Philadel 
phia, 1987,03-02, G1-72 
15 Quraishi, M A , M A W Khan, and M Ajmal, Influence of 2-
Sahcylidene Amino-6-methylbenzothiazole on the Corrosion 
and Penneauon of Hydrogen Through Mild Steel in Acidic So-
luuon. Port Electrochtm. Acta 13 63-78 (1995) 
16 Al-Aodis, N , A Al-Mayouf, and H Aboul-Emen, The Kinetics 
of Steel Dissolution in the Presence of Some Thiouracil Den va 
hwes,Corros Prev Con/ro/4 1324-1327 (1995) 
17 Quraishi, M A , D Jamal, and M T Saeed, Fatty Acid Deriva 
tives as Corrosion Inhibitors for Mild Steel and Oil Well Tubu 
iar Steel in 15% Boiling Hydrochloric Acid J Am Oil Chem 
Soc 77 265-268(2000) 
18 Li, P , T C Tan, and J Y Lee, Grey Relational Analysis of 
Attune Inhibition of Mild Steel Corrosion in Acids Corrosion 
53 186-194(1997) 
19 Quraishi, M A , M A W Khan M Ajmal, S Muralidharan, and 
S V Iyer, Influence of Some Thiazole Derivatives on the Corro 
sion of Mild Steel in Hydro'~hloric Acid Ann Corros Met Mai 
45 5-8(1996) 
[Received February 16, 2000 accepted July 28 2000] 
JAOO. V.I -•? ,K 10(2(XX 
169 
CORROSION SCIfNCeSElCT J 
Technical Note: CAHMT—A New and 
Eco-Friendly Acidizing Corrosion Inhibitor 
MA Qura'ShiandC Jamar 
ABSTRACT 
A new N and S co'i/fii/ii»i(7 hctcioci/chc loinpi^iind CAIIMT 
UKis synthesized and cixiluclcd as n comoMOn mlubuor/or 
oil well tubular sieel (N 801 and mild steel (y.Sj at lOTCt 
2°C by the wctght loss method Potcnliodynanac polarization 
measurements uere earned out at room temperature for both 
steels (n the picsrnce ofpropargyl alcohol (PA' and CAHMT 
Results indicate that the CAHMT is a mixed zyoc tihibitor 
while PA IS predominantly cathodic The adsorption of the 
LnhLbltors on N 80 steel and MS surjacefrom 15% ttdrochlo 
nc acid IHCll has been found to obey lemhn s adso-vtion 
isoffierm. The efficiency oJCAHMThas been.rojnd to be 
comparable with ihat of PA a standard corro^ on n nbUorfor 
MS m boiling HCI 
KEYWORDS aadization corros on inlubito'' hydrocM'^nc 
acid mild steel N 80 steel poientiodyna-vir polanz~iwn 
INTRODUCTION 
Acidization of a petroleum oil veil is one of the 
important stimulation techniques for enhancing oil 
production It is commonly brought about b\ forcing 
a solution of 15% to 28% hydrochloric acid (HCI) into 
the well to open up near bore channels in the forma 
tion and hence to Increase the flow of oil To reduce 
the aggressive atlack of the acid on tubing anc' 
casmg materials mhibitors are addeo Vo Uit a n d 
solution during the acidifying process ' 
Submitted for publlcallon November 2000 m rcoM:d f c m June 
2000 
Corrosion Resea-ch Ulborntoo DcpTrlinent of XDDIICL, ClirmKliA 
l-icultN of Enjiin-crlni; i nd T chnolotn Al j;^rll ' i . ^ -
Unucrsit) Ali(,Trli 202 002 Indn 
'I he cffcclivc ncidi/ing inhibitors (hal nsunlly arc 
foiiiid 111 <<>iiiiiicici<il foi niul.itioiib arc accislLiin. 
alcohols, alkenyl phenones aromatic a ldeh\des 
nitrogcn-conlaining heterocyclics quaternary salts 
and condensation products of carbonyls and amines -* 
Among the various compounds available acety 
lenic alcohols are used widely as acidizing inhibitors 
because of their commercial viabihty and effective 
ness However, these inhibitors suffer from d-aw 
backs they are effective only at high concentrations 
they are extremely toxic in their own right causing 
problems of handling and waste disposal and 
they produce toxic vapors under acidiring process 
conditions * 
In view of these disadvantages of acei\ lenic 
alcohols there exists a need for the development ol 
new acidifying inhibitors In continuation of the 
present work on development of acidizing inhib 
itors * " a new eco fnendly inhibitor CAHMT 
was synthesized 
EXPERIMENTAL PROCEDURES 
Weight Loss Measurements 
Experiments were carried out using oil well st(( I 
(N 80) and cold rolled mild steel (MS) in 1 =5 o IICI 
The MS sample was 2 0 cm by 2 0 cm bv 0 6 cm 
(0 783 in by 0 788 in by 0 236 in ) havinc; the 
following composition (wl%) 0 14"/( C 0 J'l" Mn 
0 17% Si 0 025% S 0 03% P and bal Fc The N 80 
steel u a s 2 0 cm b\ 1 0 cm by 0 7 cm (0 7^R m b\ 
0 394 m by 0 275 m ) lia\ ing a composm i c^ i 
scnbrH elscw here Thtsf «;(ccKu<.[( i. ^r n 
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\w it,lil l(;ss incasur' ir I III sUidics L\p< riii'cnls \w ri 
performed i.i a 500 rnL. three-neck, round botiom 
Hask using a condenser at lOS^C + 2°C. according to 
AS'l M G 1 -72 '^  The time length of the tests was 0 5 h 
for all the compounds for MS, and 6 h for N 80 steel 
Electrochemical Studies 
for polcnliodvn.iiiiK- jjolaii/ation studies MS 
si I ips ,111(1 N bO sU 11 ol I he s.iiiic CO 111 poM I ion 
c inbedded in araldile with an exposed area of 1 0 cm-^  
(0 lb in ^] were used The experiments were carried 
out at 28°C ± 2''C according to G3-74 and 05-87 "• 
Potentiodynamic polanzation studies were carried 
out using an EG&G Pnnceton Applied Research' 
(I^ Af?) model 173 poieniiosial/galvanostal. a modLl 
175' universal programmer, and a model RE0089' 
X-Y recorder, at a scan rate of 1 mV/s at open-circuit 
potential (OCP) Polarization curves uerc obtained 
alter immersion of electrode in the solution for 0 5 h 
until reaching steady state A platinum foil was used 
as an auxiliary electrode and a saturated calomel 
electrode -.I'as used as reference electrode Analytical 
reagent (AR)-grade HCl (.Merck") and aouble-distilled 
water were used for preparing test solutions of 15% 
HCl foi all the experiments The synthesi/.cd coni-
pouiid wjs c)iaracien/cd through Us spet tral d.il.i. 
and the purity was confirmed by ihin layer chroma-
togr.iphy. Inhibitor solution was preisaied by dissolv-
ing ID 5% <ujucous <i( Llonc (CI I iCOCI I,) solution. 
RESULTS AND DISCUSSION 
Weight Loss Studies 
Table 1 shows the values of inhibition efficiency 
(IRl and corrosion r.uc from weight loss nUMsinf-
nienls for different concentrations of CAHMT and l-'A 
in 15% HCl under boiling conditions It was found 
that IE increased unth th" increase in concentration 
from 1.000 ppm to 5 000 ppm for both inhibitors IE 
values of the examined CAH.MT at 4.000 ppm was 
found to be > 99%. and any further increase in the 
concentration did not cause an appreciable change in 
the efficiency 
Corrosion inhibition tests at different immersion 
limes also were carried out on N-80 steel under 
similar conditions using 4 000 ppm concentration of 
CAHMT IE for CAHMT was found to be 97 37% for 
0 5 h and 98 39% lor 6 0 h of immersion time The 
increase in inhibitor effectiveness at longer immer-
sion times indicated that the film formed on the metal 
surface is effective up to longer immersion times 
ELECTROCHEMICAL STUDIES 
Various corrosion parameters such as corrosion 
current density (1,,, ) corrosion potential (E „) and 
TABLE 1 
Corrosion Parameters lor MS in Boning 15>o hCI 
{105 C ± 2'C) in Absence and Presence 
ol Different Concentrations ol Various Inhibitors 
from Weigtit Loss Measurements 
Concentration 
(ppm) 
15% HCl 
PA 
1 000 
2 000 
3,000 
4 QCO 
5 000 
CAHMT 
1,000 
2 000 
3,000 
4 000 
5 000 
Weight Loss 
(gni) 
7 60 
6 67 
5 79 
0 I t 
OOS 
0 02 
0 84 
0 19 
0 12 
0 06 
0 10 
IE 
t%) 
-
12 22 
23 81 
98 59 
98 87 
99 70 
88 92 
97 39 
98 4 1 
99 20 
98 60 
Corrosion Rale 
(mm/y) 
14 i cO 
12,628 
10 960 
203 
162 
43 
1,594 
375 
223 
115 
201 
percentage inhibition efficiency (%IE) is given in 
Table 2 Both the inhibitor viz PA and CAHMT 
dccicasrd I, ,, signif'cnntly at a coiu enli alioii ol 
500 ppm I'A chilli d E,„„ values towaid tlic active 
direction v/hile CAHMT did not cause any significant 
change in E,,,,. buggesting that PA is a prcdominanlly 
c.illiodic ;iiliibiloi while CAHMT IS a iiiixcd-lypo 
inhibitor. 
Appltcatton of Adsurptton Isotherm 
'I <) nIKI( is land the IIKTII.IIIISIII (>| coiiosioii 
iiihibilioii, tlie a<lsorption bchavioi ol the organic 
adsorb.ile on liic inclal sui Lice iiiiisl be known." ' ' Ihe 
degree ol suilace coverage (9) for dilferent concentra-
tions of PA and CAHMT was evaluated fiom weight 
loss values ...nd electrochemical data The data were 
tested graphically by fitting to vauous isotherms. A 
straight line was obtained on plotting 9 vs log C 
(Figure 1). Suggesting that the adsorption of the PA 
and CAHMT fio'n the acid on N-80 steel and MS 
surface follows Temkin's adsorption isuiheim 
CAHMT nas been found to give very good 
performance ?s a corrosion inhibitor This can be 
explained on the bas.s of the presence of the 
-C = C- bond between carbon atoms in conjugation 
wTth the a/oinethine (-C = N-) group'^^' and 
heterocyclic moiety containing three nitrogen 
atoms and one sulfur atom in inhibitor molecules 
as reactive centers Through these centers it can 
adsorb stiongly on the metal surface, leading to 
corrosion inhibition 
PA Is used Widely as a commercial acidizing 
inhibitor, hence. It was chosen as the basis for the 
comparison of inhibition performance with the 
pre])arfd inhil)itor in 1 5''o 1101 solution MIL iiivcsti 
gated inh'bacir niatcheo the jjci loi inance of PA 
984 CORROSION—OCTOBER 2000 
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TABLE 2 
Electrochemical Polarizalion Parar)ete''s 
lor the Corrosion of N-80 StfieU and MS 
in /5% HCI Containing Various Concentrations 
of Various inhibitors a! 28rC ± ^C 
Concentration 
(ppn) 
15% HCI 
PA 
250 
500 
750 
1,000 
CAHMT 
250 
500 
750 
1,000 
Type of Steel 
N-80 
N-8C 
N-80 
N-80 
N-80 
N-80 
N-80 
N-80 
N-80 
(mV) 
-548 
-569 
-574 
-574 
-577 
-550 
-550 
-550 
-552 
leer. 
(mA'cm') 
0 47 
0.38 
0 26 
0 14 
0.13 
0.27 
0 25 
0.18 
0.15 
IE 
(%) 
— 
19 15 
46 68 
70 20 
72 34 
42.53 
46.80 
61.70 
68 08 
15% HCI 
PA 
250 
500 
750 
CAHMT 
250 
500 
750 
1,000 
1,000 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
MS 
-539 
-516 
-522 
-523 
-541 
-561 
-551 
-551 
-552 
3.50 
0.06 
0.06 
0 06 
0.80 
0.35 
0.19 
0 10 
0.15 
CONCLUSIONS 
98 29 
98.29 
98.29 
77.14 
90.00 
94.51 
97.10 
68 08 
•> Tlie tested compound, namely CAHMT, is an 
cffcclivc iiiliibllor for roirosion of N-SO sii'cl niul MS 
in boiling 15% HCI. 
•:• CAHMT is a rrii\ed-type inhibitor. 
•:• CAHMT inhibits corrosion by adsorbing on the 
metal surface. 
<• The adsorption of CAHMT on the metal surface 
follows Temkin's adsorption isotherm.. 
<• CAHMT is a solid compound and does not 
produce toxic vapors like PA during the acidization 
process. 
26 28 
Log 0 (ppm) 
FIGURE 1. Temkir s adsorption isotherm plots lor PA and CAHMT 
in 15% HCI (A- N-60 * PA; B: MS + PA; C N-BO + CAHMT. and C 
MS * CAHMT) 
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inhibition of the corrosion of mild steel in 1-5 f^  HCI and 
H2SO4 by a macrocydtc compound viz, tetramethyl-dithia-
octaazacyclotetradeca hexaene (MTAT) was studied as a 
corrosion inhibitor by weight loss and electrochemical 
potentiodynamic polarization methods The influence of 
temperature, immersion time and acid concentration was 
also studied in the presence of MTAT m HCI and HjSO^ 
The potentiodynamic polanzation carried out in 1-5 N HCI 
and H2SO4 in the absence and presence of inhibitor 
revealed that MTAT is a mixed inhibitor MTAT exhibited 
better performance as a corrosion inhibitor in HjSO, and 
Its performance was further improved the addition of Kl 
due to synergism The adsorption of MTAT on the mild 
steel surface obeyed Temkin adsorption isotherm 
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Introduction 
Organic compounds are widely used in 
vanous industnes for preventing corrosion in 
acidic environments (Clubley, 1990, Raman 
and Labine, 1989, Cizek, 1994) The 
compounds containing both nitrogen and 
sulphur are of particular importance as tJie\ 
often provide excellent inhibition compared 
with compounds containing only nitrogen or 
sulphur (Schmitt, 1984) A survey of 
hterature revealed that despite the high ability 
of macrocyclic compounds to interact 
strongly with metal surfaces, little attention 
has been pavd to use of these compounds as 
corrosion inhibitors Agarwala et al studied 
the inhibiuve actions of porphynns 
pthalocyamns and found them to be potential 
inhibitors for steel in acid chlonde 
environments (Hettiarachichi et al, 1989, 
Longo et al., 1985, Agarwala, 1984) Pillai et 
al (1995) studied the inhibitive performance 
of Cobalt tetrasulphatocyanin on corrosion of 
alummum in 2M. HCI at 2 x 10"^ and found 
>78 percent inhibition efficiency. In 
continuation of our work on the development 
of macrocyclic corrosion inhibitors (Ajmal et 
al, 1998a, 1998b, 1999a, 1999b), we repon 
here the inhibiting behavior of a nitrogen and 
sulphur containing macrocyclic compounds 
namely, tetramethyl-dithia-
octaazacyclotetradeca-hexaene (MTAT) on 
corrosion of mild steel in acidic solutions 
Experimental procedure 
Mild steel stnps having size 2cm x 2cm x 
0 025cm (C = 0 14 percent, Mn = 0 35 
percent. Si = 0 017 percent, S = 0 25 percent, 
P = 0 03 percent and the rest being iron) were 
used for weight loss measurements The mild 
steel strips of the same composition coated 
with lacquer with an exposed area of Icm^ 
were used fo;- potennodynamic polarization 
studies The stnps were polished v,irh emen 
papers of 1/0, 2/0, 3/0 and 4/0 grade and 
degreased with tnchloroethylene 
Hydrochloric acid (MERCK) of AR grade v. as 
used for prepanng soluuons Double disalled 
water was used to prepare solutions of IN HCI 
and H2SO4 for all experiments The weight 
loss studies were earned out using the 
procedure as given in the literature (Maihur 
and Vasudevan, 1982, ASTM, 1990) Loss, in 
metal weight was calculated by the difference 
m weight of the specimen before and after Oie 
exr^'-"Tient inhibition efficiencv (IC) uas 
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calculated by using the following formula; 
I £ = : ( l - | ) x l O 0 
Where Xi and XT are die respective weight 
losses in absence and presence of the 
additives. 
The potentiodynamic polarization studies 
were carried out using the EG and G, PARC 
model 173, potentiostat/galvanostat universal 
programmer, model 175 and with x-y 
recorder, model RE0089. A platinum foil was 
used as the auxiliary electrode, a saturated 
calomel electrode and-mild steel as working 
electrode was used for potentiodynamic 
polarization studies. Figure 1 shows the setup 
diagram for potentiodynamic study. 
Figure 1 Set up diagram for potentiodynamic 
polarization studies 
COUNlEft 
ELECTSOM 
PEFE«ENCE 
EtECIBOOE 
WORKING 
ELECTRODE 
E G & G PARC 
173 
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Table I Name and structure of inhibitor used 
STRUCTURAL fORMUlA 
W' \ r _ c '''^"' 
H - N - N N - N - H 
C -- S S : C 
H N - N N - K- - H 
CH, ^ CHj 
DESIGNATION AND 
ABBREVIATION 
Tetramettiy' - drttipaoctaaza -
cyclotetradecahexaene 
IMTAT) 
iVlacrocyclic compound (MTAT) was 
synthesized in laboratory following procedure 
as described by Pandey el a\. (1987) and was 
characterized by spectral data. The molecular 
structure of the macrocyclic inhibitor has 
been given in Table I. 
Figure 2 Effect of inhibitor concentration on inhibition 
effidency (a) IN (b) 3N and (c) 5N in 1. H2SO4; 2. HCI 
60 200 400 700 
INHI.CONC.(PPM) 
2000 
Table II Inhibition efficiencies obtained from weight loss studies for different concentrations (in ppm) of MTAT in 
HCI and HjSOa at 40""C for three hours 
Inhi.conc. 
(ppm) 
50 
100 
200 
300 
400 
500 
I N HCI 
74.86 
77.62 
78.73 
87.63 
89.33 
91.99 
IE(%) 
I N H2SO4 
86.08 
92.08 
94.82 
95.67 
98.02 
98.63 
Inhi.conc. 
(ppm) 
200 
300 
400 
500 
700 
1,000 
IE(%) 
3N HCI 
59.53 
74.45 
80.05 
82.38 
86.58 
91.48 
3N H2SO4 
89.41 
93.65 
96.75 
97.45 
98 55 
98 72 
Inhi.conc. 
(ppm) 
200 
300 
500 
700 
1,000 
2,000 
5N HCI 
50.05 
53.55 
73.44 
76.90 
84.72 
94 57 
IE(%) 
5N H2SO4 
76.25 
79.55 
85.45 
91.53 
92 34 
98.65 
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Figure 3 Variation of inhibition efficiency of MTAT with (a) temperature, (b) imrtiersion time and (c) concentration 
of acid in 1. H2SO4, 2 HCI 
too 
g 99 
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98 
1 ' 
1 
2 
• 
(b| 
50 60 
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24 48 72 96 
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Results and discussion 
The values of IE obtained from weight loss 
measurements for different concentrations of 
inhibitor in HCI and H2SO4 (IN, 3N and 
5N) are given in Table II. It is found that 
MTAT inhibits the corrosion of mild steel in 
both acids at all concentration from 50 to 
2000ppm in different concentration required 
to achieve maximum inhibition (> 90 
percent) was found to be 500, 1,000 and 
2,000ppm in IN, 3N and 5N HCI and 
H2SO4 solutions respectively. Figure 2 (a-c) 
shows that IE increases widi increases in 
inhibitor concentration in all acidic solutions. 
The effect of temperature on inhibitor 
performance was studied in IN HCI and 
H2SO4 between 40-70°C. Figure 3(a) shows 
the effect of temperature at 500ppm 
concentration of MTAT. It was observed that 
Table III Inhibition efficiencies of MTAT 
measurements in absence and presence 
obtained from weight loss 
of Kl in HCI and H2SO4 
increase of temperature decreased the IE in 
both acidic solutions. It is evident that at 
higher temperature desorption of inhibitor 
occurs from the mild steel surface which 
brings down the IE (Bentis et ai, 1999; 
Quraishi et al., 1998). The effect of the 
immersion period on the IE in both acidic 
solutions has been shown in Figure 3(b). It is 
evident from the figure that IE increases on 
increasing the immersion period, it may also 
be attributed to the formation of a barrier film 
of MTAT on the mild steel surface which 
prevents the attack of acid on the metal 
surface. Figure 3(c) demonstrates that the 
increase in acid concentration decreases the 
IE of MTAT due to the aggressiveness of acid 
solutions. 
An interesting observation of the 
investigation is that MTAT gives excellent 
inhibitive performance in both acid solutions 
The good inhibitive performance in acid 
solutions may be attributed to the presence of 
nitrogen as well as sulphur atoms and double 
Inhl.conc. 
(ppm) 
IN HCI 
200 
200 
300 
300 
3N HCI 
300 
300 
700 
700 
5N HCI 
500 
500 
1,000 
1,000 
Kl.conc. 
(%) 
-
0 02 
-
0 02 
— 
0 05 
-
0 05 
-
01 
-
0 1 
IE 
(%) 
78.73 
87.06 
87.63 
97.23 
74.46 
87.45 
86.58 
93 97 
73 44 
88 36 
84 72 
90 68 
Inhi.conc. 
(ppm) 
IN H2SO4 
50 
50 
100 
100 
3N H2SO4 
200 
200 
300 
300 
5N H2SO4 
200 
200 
500 
500 
Kl.conc. 
(%) 
-
0.02 
-
0 02 
-
0.03 
-
0 03 
-
0 05 
-
0 05 
IE 
(%) 
86.08 
97.16 
92.08 
98 45 
89.41 
97.46 
93 66 
99.05 
76 25 
90 46 
79 55 1 
99 35 
bonds in 
sulphur 
excellent 
the same 
:ontaining 
corrosion 
Table IV Synerg 
molecule. Nitroge 
compounds often 
ri and 
provide 
protection of metals in 
Stic parameters S| for differen 
concentrations of MTAT 
Inhi.conc. 
(ppm) 
IN HCI 
100 
200 
3N HCI 
300 
700 
5N HCI 
500 
1,000 
Si 
1.03 
2 01 
1 03 
1 13 
1 35 
' ni 
in HCI and H2SO4 
Inhi.conc 
(ppm) 
IN H2SO4 
50 
100 
3N H2SO, 
200 
300 
5N H25O4 
300 
500 
s, 
1 28 
1.33 
1 44 
1 29 
1 02 
8(57 
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TCid environments, as suggested by Ayres et 
al (1962) Further, the presence of four 
methyl groups mcreases the density of 
electrons at nitrogen atoms due to inductive 
effect, which facilitates stronger adsorption of 
MTAT on mild steel surface, this leads to 
higher inhibition efficiency of i\ IT AT 
The values of IE for specific concentrations of 
VITAT in combination with KJ obtained 
from weight loss and electrochemical data are 
given in Tables III and IV It is seen that IE of 
MTAT increases on the addition of KI due to 
ssnergism (Azim and L>Ty, 1987) 
Figure 4 Temkin adsorption isotherm for MTAT in 
(a) IN, (b) 3N and (c) 5N in 1 HjSO^, 2 HCI 
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Tlie values of synergism parameter (Sj) were 
calculated by using i:he relationship givtn by 
Aramaki and Hackerman (1969) 
4(1 - I i . z ) 
S, = ( l - I 1-^ 2) 
Log C 
\\ here 
1,^ 2 = (I, +I2)( l , l2) 
Ii =• Inhibition efficiency of the anion 
I2 = Inhibition efficiency of the cation 
'^1+2 ^ Measured inhibition efficiency for the 
cation in combination with anion 
The values of Sj for different concentrations 
of M T A T in both acids in combination with 
iodide ions are given in Table FV, and are 
greater than the unit^, suggesting thereby that 
the enhanced inhibition efficiency caused by 
ihe addition of iodide ions to M T A T is due to 
synergistic effect (Muralidharan ei al, 1997) 
Adsorption isotherm 
A straight line is obtained on plotting the 6 Vs 
log C (inhibitor concentration), suggesting 
that the adsorption of M T A T on the metal 
surface obeys Temkin adsorption isotherm 
(Muralidharan et al, 1995, Damskin et al, 
1971) (Figure 4(a-c)) 
Potentiodynamic polarization studies 
Both cathodic and anodic polanzation curves 
for mild steel in IN, 3N and 5N HCI and 
H2SO4 solution in the absence and presence 
of the inhibitor have been shown in Figure 
5(a-b) Vanous corrosion parameters denved 
from these curves, such as corrosion current 
density l^on and corrosion porentiai Ecom ar^ 
given m Table V It can be seen ihav MTAT 
decreases the values of Icon- significantlv in 
both acids at all concentrations wiihout 
causing any appreciable change in values of 
Ecorr These observations suggest that M T A T 
IS a mixed type inhibitor 
Conclusions 
M T A T inhibits the corrosion of mild 
steel very significantly in all 
concentrations of both acidic solutions 
The better mhibitive performance of 
MTAT IS shown in H2SO4 thin in HCI 
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Table V Electrochemical corrosion parameters for different concentrations of MTAT in HCI and H;S04 
Inhi cone 
(ppm) 
IN HCI 
100 
300 
500 
3N HCI 
300 
500 
1,000 
5N HCI 
500 
1,000 
2,000 
1,000+ Kl 
tcorr 
(mv) 
-554 
-534 
-532 
-550 
-568 
-517 
-520 
-515 
-520 
-509 
-495 
-515 
- K l 
'coff 
(A / i cm"^) 
350 
145 
110 
75 
1,200 
440 
220 
120 
4,000 
800 
640 
480 
328 
IE 
(%) 
-
58 59 
75 00 
78 57 
-
63 33 
8167 
90 00 
-
80 00 
84 00 
88 00 
91 28 
Infii cone 
(ppm) 
IN H2SO4 
100 
300 
500 
3N H2SO4 
200 
500 
1,000 
5N H2SO4 
500 
1,000 
2,000 
500+ Kl 
^cofr 
(mv) 
-580 
-574 
-586 
-570 
-578 
-540 
-550 
-574 
-506 
-512 
-518 
-520 
-536 
'corf 
(A 11 cm ' ) 
380 
135 
112 
69 
1,500 
134 
116 
72 
4,650 
492 
247 
217 
142 
IE 
(%) 
-
64 47 
70 53 
81 84 
-
91 07 
92 27 
95 20 
-
s:i2 
94 69 
95 33 
96 95 
Figure 5 Potentiodynamic polarization curves for mild steel in acid 
solutions containing (a) 1 SN H2SO4, 2 3N H2SO4. 3 IN H2SO4, 
4 2000ppm MTAT + 5N H2SO4, 5 I.OOOppm MTAT +3N H2S04, 6, 
SOOppm MTAT + IN H2SO4; (b) 1 5N HCI, 2 3N HCI, 3 IN HCI, 
4 2000ppm MTAT + 5N HCI, 5 lOOOppm MTAT + 3NHCI, 6. SOOppnfi 
MTAT + IN HCI 
10 10^ 10' 
Current density tiA Cm"^ 
'0* 105 
The potentiodynamic polanzation studies 
reveal that M T A T acts as a mixed 
corrosion inhibitor in both acidic 
solutions 
Inhibition efficiency of M T A T enhances 
on addition of Kl due to synergism 
The adsorption of MTAT on the mild 
steel surface from both the acids obeys 
Temkin adsorption isothenn 
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Keywords 
Corrosion inhibitors. Mild steel. Condensation 
Seleaed condensation products of aromatic aldehydes 
and thiosemicatbaride have been synthesized and 
evaluated as con-osion inhibitors of mild steel in 1N 
hydrochloric acid and 1N sulphuric acid by vi/eight loss 
and potentiodynamic polarization methods The values of 
activation energy and free energy of adsorption have also 
tieen determined to understand the mechanism of 
inhibition The potentiodynamic polarization studies 
carried out at room temperature revealed that all the 
compounds are of mixed type inhibitors in twth the acids 
The adsorption of all the condensation products on the 
mild steel surface from both the acids has been found to 
obey Temkin's adsorption isotherm The inhibition 
efficiency of these compounds has been found to vary 
with the nature and concentration of the compounds 
tempetatufe, immersion time and nature of the acids 
IntrocJuction 
The stud\ of corrosion irihibiton; has assumed 
both scientific and technological significance in 
recent vears (Raman and Labine, 1989, 1996) 
Most of the commercial inhibitor formulanons 
are found to include aldehydes and amines as 
essential ingredients (Cizek, 1994, Schmirt, 
1984) A perusal of literature reveals that 
condensation products denved from aldehydes 
and amines (Turbvna et al, 1971, Desai ei al, 
1986, Muralidharan ei al, 1993a, Quraishi 
eial, 1995, 1997a, 1996a, 1996b) have been 
invesngated extensively bv researches 
Aldehydes (Grov.cock and Lopp, 1988, 
Frenier, 1996) and thiosemicarbaade (Khalil, 
1992, Smgh and Chaudhary, 1996) are well 
known inhibitors, however, the investigation 
on condensation products of the aldehydes 
and thiosemicarbazides appears to be scanty 
In the present mvestiganon a few aromatic 
condensation products namely 
1-dimethylaminobcnzaldehyde 
thiosemicarbazide (DTS) , 
l-vaniUine thiosemicarbazide (VTS), 
l-salic\"aldehyde thiosemicarbazide 
(STS), 
1-benzaldehyde thiosemicarbazone 
(BTS); and 
l-cinnamaldehyde thiosemicarbazide 
(CTS) 
have been s\-nthesized and studied for their 
inhibiting properties on corrosion of mild 
steel in acidic solutions 
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Experimental 
The expenments for u eight loss 
measurements \\ ere performed with cold 
rolled mild steel stnps of size 2cm x 2 5cm x 
0 025cm and a chemical composition as given 
in Table I For potentiodjTiamic polarization 
studies, mild steel stnps ha\nng the same 
composition, coated uTth lacquer uith an 
exposed area of 1cm" were used Electrodes 
were polished wnth emerv papers of 1/0, 2/0, 
3/0 and 4'0 grade and degreased with 
tnchloroeth\lene The acids HCl and HiSO^ 
(MERCK) of AR grade v,ere used for 
preparing solutions The double distilled 
uater s\as used to prepare solutions of 1 \ ' 
HCl and IK H . S O , The anils uere 
synthesized following the procedure descnbtd 
b\ Desai a al (1986) and charactensed b\ 
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Table 1 
C 
0 14 
M Id steel composiiicn i ) 
Mn SI 5 
0 35 0 17 0 025 
P 
0 03 
Fe 
rest 
cheir I R specura The punirv of the 
compounds uas checked b\ tic The 
molecular structures and other details of these 
compounds are gi\en in Table II 
Weight loss measurements uere earned out 
as per ASTM standards ,ASTM, 1990) 
Poienuod\namic polaniation studies were 
earned out using EG and G PARC, 
poteniiostai gal\anostat (model 173) 
universal programmer (model 175) and with 
X-Y recorder (model RE 0089) All 
expenments were earned out at room 
temperature (28±2 C) A platinum foil was 
used as the auxiliary electrode and a saturated 
calomel electrode (SCE) was used as the 
reference eleetrode for potentiodynamic 
polanzation studies 
Results and discussion 
The values of percentage inhibition efficiency 
and corrosion rate obtained from weight loss 
method at different concentrations at 35 C 
are summarized m Tables III and IV, and the 
vanation of inhibition efficiencv with 
concentration is shown in Figures la and la 
It is found from this table that all the 
condensation products under investigation 
inhibited the corrosion of mild steel m both 
the acids even at a concentration as low as 
25ppm It has also been observed that the 
inhibition efficiencv for all the compounds 
increased with the increase in concentration 
The maximum inhibition efficiency for each 
of the compounds was achieved at 300ppm m 
IN HCl and at 200ppm in IN H2SO4 and 
further increase in concentration did not 
cause any appreciable change in the 
performance of the inhibitors 
The effectiveness of a compound as a 
corrosion inhibitor depends on the structure 
of the organic compounds (Quraishi er al, 
1997b) The inhibition of corrosion caused by 
the condensation products can be due to 
interactions betv>een --electrons of benzene 
nng and lone pair of electrons present on N 
and S" atoms, with the positivelv charged 
metal surface Presence of azomethine group 
(-C = N) also plavs a major role in increasing 
the inhibition efficiencv The vanation in 
Table II Struaure of the compounds used as corrosion inhibitors 
S No Suucture 
/ = \ / 
CH, 
N H - C - N H N = CH \ ^ \ CH, 
Oil 
N H , - C - N H N = CH-(A^ / ) -OCH, 
DeSiguatiou aud abbreviation 
HO 
N H , - C - \ H N = CHHv^ A> 
, N H . - C - N H N - C H - ^ 
M l C M l ^ t i l (.11 CM-
I Dinietli)! aiiiiiiobcn2aldeb\de 
tiiioseujcarbande 
(DTS) 
(VTS) 
I Salic>laldeb\de iluoseiiiicar 
bizidt. 
(STS) 
i BLiiz:iliJeh\dc ihioseiiucar 
bazide 
(BTS) 
I ( Mill U 
1 1/ 1 
Uli.lisd iliio'.i.nii II 
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{III s( ncc of different concentrations of various inhibitors frOTi weight loss 
irements at 35 C 
Concentration 
(ppm) 
IN HCl 
DTS 
25 
50 
100 
200 
300 
400 
400 
VTS 
25 
50 
100 
200 
300 
400 
SCO 
STS 
25 
50 
100 
200 
300 
400 
500 
BTS 
25 
50 
100 
200 
300 
400 
500 
CTS 
25 
50 
100 
200 
300 
400 
500 
Weight loss 
(mgm) 
U270 
IE 
(%) 
Corrosion rate 
(mmpy) 
62 80 
Table IV Corrosion parameters for mild steel in IN H;SO in abse'ice ar 
presence of different concentrations of various inhibitors from weight los 
measurements at 35 C 
Cottcentration 
(ppm) 
IN H2SO4 
6 03 
4 30 
3 03 
2 98 
2 79 
2 79 
2 70 
43 50 
16 40 
510 
444 
3 38 
2 94 
2 64 
16 60 
900 
4 40 
2 80 
199 
121 
101 
12 90 
5 00 
3 81 
2 23 
1 61 
0 94 
0 75 
8 34 
3 32 
2 22 
1 46 
0 74 
0 35 
031 
94 65 
95 85 
97 31 
97 35 
97 52 
97 52 
97 60 
61 35 
85 47 
95 47 
96 06 
97 00 
97 39 
97 65 
85 26 
92 02 
96 09 
97 51 
98 23 
98 92 
99 10 
88 49 
95 56 
96 62 
97 93 
98 54 
99 18 
99 38 
92 63 
97 05 
97 99 
98 70 
99 34 
99 69 
99 72 
3 34 
2 55 
1 69 
1 66 
1 55 
1 55 
1 50 
24 24 
9 14 
2 84 
2 47 
1 88 
1 64 
147 
9 25 
5 01 
2 45 
1 56 
1 n 
0 67 
0 56 
718 
2 78 
212 
1 26 
091 
0 51 
0 39 
4 62 
1 84 
1 26 
0 81 
041 
019 
017 
DTS 
25 
50 
100 
200 
300 
400 
500 
VTS 
25 
50 
100 
200 
300 
400 
500 
STS 
25 
50 
100 
200 
300 
400 
500 
BTS 
25 
50 
100 
200 
300 
400 
500 
as 
25 
50 
100 
200 
300 
400 
500 
Weight loss 
(mgm) 
102 70 
IE Corrosion rate 
(mmpy) 
inhibui\e performance ciepends mainly on the inhibitor This can be explaineci on the basis 
rvpe and nature of the substiruent present in 
the inhibitor molecule (Akuama and Nobe, 
1970) Among the compounds in\ estigated n 
the present stud\, CTS has been found to 
gi\e die best performance as corrosion 
of the presence of an additional r bond 
bet\'.een carbon atom (-C = C-) in 
coniugation with azometine (- C = N -) 
group These extensi-. el\ delocahzed--
electrons favour greater adsorption on the 
57 23 
10 00 
4 92 
1 90 
1 45 
1 23 
1 17 
1 05 
26 52 
16 82 
1 26 
1 15 
1 04 
0 99 
0 96 
1541 
9 31 
1 04 
1 03 
1 02 
0 92 
0 89 
14 62 
3 33 
1 42 
0 96 
0 86 
0 76 
0 64 
4 53 
1 41 
1 52 
1 12 
0 95 
0 51 
0 40 
90 27 
95 20 
9815 
98 58 
98 80 
98 86 
98 97 
74 19 
83 65 
98 77 
98 88 
98 98 
99 03 
99 06 
84 95 
90 92 
98 98 
98 99 
99 00 
9910 
9913 
85 73 
96 75 
98 61 
99 06 
9916 
99 26 
99 37 
95 59 
98 57 
98 88 
98 91 
99 07 
99 50 
99 61 
5 57 
2 73 
1 06 
0 81 
0 68 
0 65 
0 58 
14 76 
9 36 
0 70 
064 
0 58 
0 55 
0 53 
8 58 
5 18 
0 58 
0 57 
0 56 
0 51 
0 49 
813 
1 84 
0 79 
0 53 
04S 
0 42 
0 3S 
2 50 
0 7S 
064 
0 62 
0 53 
028 
0 22 
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Figure 1 Variations of inhibition efficiency with (a) inhibitor concentration (b) solution temperature ic) immersion 
time, in IN HCl and (a') inhibitor concentration (b') solution temperature, (c') immersion time, in IN H2SO4 
(1 - DTS, 2 VTS 3 STS 4 . BTS: 5. CTS) 
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metal surface as compared to other 
compounds. Lesser inhibition efficiency 
shown by DTS, STS and VTS as compared 
to BTS may be attributed to the orientation of 
substiruent groups which prevents iheir flat 
onentation on the metal surface causing less 
adsorption and thereby less inhibition. A 
similar explanation has been given by 
Rengamani ei al. (1994). 
The values of corrosion inhibition of 
condensation products at 500ppm 
concentration at different temperatures are 
given in Tables V and VI. The variation of 
inhibition efficiency with temperature is 
shown in Figures lb and lb ' . It can be seen 
that inhibiuon efficiency for all of the 
compounds except VTS and CTS in IN HCl, 
decreased with an increase in temperature 
from 35 C to 65 C. This obser%ation 
indicated that the inhibitive tllm formed on 
tlie metal surface was less proteciue in nature 
,u liigher temperatures because ot desorption 
ot the inhibitor molecules from the nict.il 
•. u I ' .11, c 
TTie effect of immersion time on the 
inhibition efficiency is shown in Figures Ic 
and Ic'. It is seen that no marked change in 
inhibition efficiency occured with the increase 
in immersion time from two to six hours. 
The values of activation energy (Ej) were 
calculated using the Arrhenius equation: 
In (r2/rl) = -Ea x AT / (R x T , x T , ) 
where ri and t^ are corrosion rates at 
temperature Ti and T i respectively. A T is 
the difference in temperature (To - T i ) . The 
free energy of adsorption (AG^jJ at different 
temperatures were calculated from the 
following equation: 
A G3J5 = - R T in (55.5 K) 
and K is given by: 
K = Die {\ -li) 
where II is degree of coverage on the metal 
surface, C is concentration kit' inhibitor in 
mole 1 ' and K is cquihbruim i^onst.int 'Hie 
\.lilies of E, anii AG,,., .irc -.tivcn in I'.iblcs 
V!! ind Vlll 'Ib.c 1..'^  ,ii-.J •'.-.;,i-ixc v.ilucs ol 
, (S) Ids tH ( 182 A- ^ i n ^ -^  ( ' II id ," - ' ' M l 
Table V Cofrosion !=•- and inhibition eHiciency of various inhibitors at optimum concentration at differen' 
temperatures obtained b) weight loss method 
35 C 45 C 55 65 C 
Cone CR IE CR IE CR IE CR IE 
(ppn )^ (mmpy) (%) (mtT\py) (%) (mmpy) (%) (mmpy) (%) 
334 24 1N HCT 
DTS 
500 
VTS 
500 
STS 
500 
BTS 
500 
as 
500 
62 80 157 14 237 11 
0 39 99 38 0 81 99 48 1.34 99 43 
150 97 60 3 17 97 97 7 86 96 68 17 24 94 84 
147 97 65 2 67 98 29 4 23 98 21 5 63 98 31 
0 56 9910 2 22 98 58 6 65 97 19 29 0 9131 
2 34 99 30 
0 17 99 72 0 22 99 85 0 30 99 87 0 49 99 85 
Table VI Corrosion rate and inhibition efficiency of various inhibitors at optimum concentration at different 
temperatures obtained by weight loss method 
Cone. 
(ppm) 
IN HjSO, 
DTS 
500 
VTS 
500 
STS 
500 
BTS 
500 
as 
500 
35=C 
CR 
(mmpy) 
57 23 
0 77 
0 54 
0 49 
0 35 
0 23 
I.E. 
(%) 
-
99 00 
99 06 
9913 
99 37 
99 61 
45C 
CR. 
(mmpy) 
102.42 
1 62 
1 10 
1 78 
1 17 
0 45 
I.E. 
(%) 
-
98 42 
98 85 
98 26 
98 85 
99 56 
55° 
CR. 
(mmpy) 
178 65 
2 74 
2 12 
5 46 
2 68 
0 92 
IE. 
(%) 
-
98 46 
98 81 
96 94 
98 50 
99 09 
65C 
CR. 
(mmpy) 
290 94 
6 03 
3 73 
20 0 
9 42 
2 38 
IE. 
(%) 
-
97 92 
98 71 
93 12 
96 76 
99 10 
Table VII Aaivation energy (E,) and free energy of adsorption (AG,<js) Table VIII Activation energy (EJ and free energy of adsorptioi (AG, 
for mild steel in IN HCl in the absence and presence of various inhibitors for mild steel in IN H^SO, in the absence and presence of various 
at optimum concentration inhibitors at optimum concentration 
Concentration 
(ppm) 
IN HCl 
DTS 
VTS 
STS 
BTS 
as 
E, 
(K Cal/mol) 
11 31 
16 89 
1014 
27 14 
1231 
7 41 
35 
-
8 37 
8 39 
8 88 
9 05 
9 64 
-AG. ids 
(K Cal/mol) 
45 
-
8 75 
8 87 
8 88 
9 46 
1035 
55 
-
8 69 
912 
8 71 
9 69 
10 77 
65 
-
8 65 
9 43 
7 48 
9 85 
11 00 
Concentration 
(ppm) 
IN H2SO4 
DTS 
VTS 
STS 
BTS 
as 
E. 
(K Cal/mol) 
1120 
14 24 
13 29 
25 64 
22 78 
1627 
35 
8 91 
8 96 
891 
9 04 
8 02 
-AG,c 
(K Cal/n-
45 
8 91 
912 
8 75 
8 95 
9 66 
k 
lOl) 
55 
921 
9 22 
8 65 
8 92 
9 49 
65 
_ 
9 . 
96 
83 
8S 
9-^  
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AG3J5 indicated the spontaneous adsorption 
of lahibuors on the surface of mild steel 
(Gomma and Wahdan, 1995) It uas also 
found that \alues of activation energ% of all 
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(E^ n-) It vvas found from this table that 
presence of condensation products decrtast-d 
I^  ri values Maximum decrease in I ^ uas 
observed in case of CTS suggesting C T S as 
the inhibited s>stem were higher than that of j^^ g most effective inhibitor among the studied 
uninhibited svstem except VTS and CTS in 
I M H C ! Putilo\3>:f a/ (1960) have indicated 
that this t\pe of inhibitors are ^ffecme at 
room temperature and less eTectne at higher 
temperatures 
Application of adsorption isotherm 
The surface coverage values {0) were 
evaluated using values of inhibition efficiency 
obtained from weight loss method The 9 
\alues for different concentration of inhibitors 
from both thf acids were tested graphicalK bv 
firung TQ vanous isotherms Temkm's 
adsorption isotherm was tested bv plotting 0 
\ersus log C, where C is concentration of 
inhibitor in mole 1 ' A straight line 
relationship indicated that the adsorption of 
the compounds from both the acids followed 
Temkin's adsorption isotherm (Figure 2 (a 
and b)) 
Potentiodynamic polarization studies 
The cathodic and anodic polarization curves 
of mild steel m IN HCl and IN H^SO^ m the 
presence and absence of different inhibitors at 
500ppm concentration at 28 ± 2 C are shown 
in Figure 3 (a and b) Table IX gives vanous 
corrosion kinetic parameters such as 
corrosion current (Icon-)! corrosion potential 
inhibitors It was also observed from 
polanzation studies that Ecorr values do not 
show anv significant change in the presence ot 
the inhibitors, suggesting that all these 
compounds are mixed tvpe inhibitors 
The noteworthv feature of the investigation 
IS that the studied condensation products 
gave better performance in IN H j S O ^ than 
IN HCl Similar observation was found b\ 
Muralidharan r^ a/ (1993b) This observation 
confirmed the predictions made b \ Schmitt 
(1984) that S-containing inhibitors are 
pnmanlv useful in sulphunc acid and N -
containmg inhibitors exhibit their good 
inhibition efficiency in hydrochlonc acid 
Conclusion 
The main conclusions drawn from this studv 
are as follows 
The condensation products shov'.ed 
excellent performance as corrosion 
inhibitors in both hydrochlonc as well as 
in sulphunc acid media 
Thev inhibited the corrosion of mild steel 
in acid solution by adsorption mechanism 
and the adsorption of these c o m r o u n d s 
on the metal surface followed Temkin ' s 
adsorption isotherm 
All of these compounds acted a-~ mixed 
inhibitors in both the acids 
Figure 2 Temkins adsorption isotherm plots for the adsorption of various inhibitors in (a) IN HCl and 
(b) IN H2SO4 on the surface of mild steel (1 DTS 2 VTS 3 STS 4 BT5 5 CTS) 
1 00 -
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Figure 3 Polentiodynamic polarization'curves for mild steel in (a) IN HCl and (b) IN H.-SO^ in the <=t>c-i.f 
piesence of various inhibitors at optimum concentration (1. IN HCl; 2 DTS. 3 VTS 4 STS 5 BTS 6 CTS' 
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Table IX Elearochemical polarization parameters for the corrosion of mild steel in IN HCl and In HjSO" containing 
optimum concentration of various inhibitors at 28 =2'C 
Cone, 
(PPm) 
Blank 
DTS 
500 
VTS 
500 
STS 
500 
BTS 
500 
CTS 
500 
t<orf 
IN HCl 
'rorr 
(mV vs SCE) (m.A.cm-^) 
-596 
-610 
-592 
-589 
-586 
-588 
0 350 
0.210 
0.100 
0.090 
0 022 
0 020 
IN HjSO, 
' •^* tcor r 'corr I - t -
(%) (mv vs SCE) (m.A.cm"^) (%) 
40.00 
71.43 
74.28 
93.71 
94 28 
-568 
-556 
-558 
-564 
-569 
-564 
0 370 
0 033 
0 030 
0 017 
0014 
0 008 
91.OE 
91 89 
95 40 
96 21 
97 83 
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INHIBITION OF MILD STEEL CORROSION IN 
5 N HCI BY SOME MACROCYCLIC COMPOUNDS 
M A QURAiSHi J A Y A R A W A T AND M O H A M M A D A J M A L 
Corrosion Research Laboratory, Depaftment of Applied Chemistry, 
Faculty of Engineering and Technology, Aligarh Muslim University, Aligarh Ultar Pradesh 202 002 INDIA 
lRcci.i\cd 8 February 1999 Accepted 26 November 1999) 
The inliibiling action of three macrocych'c compounds namely Tctraphenyl-dithia-octaazacyclotctradcca-
hexanc (FITAT). TetrapUcnjI-dithia-licxaazacyclobidccanc-hcxanc (PTAU), Tctraphcnjl-dioxa-
liexii.izacjcloliidctmic-licxiiiic (TOAIl) u{;ainst corrosion of mild steel in 5 N UCl lias been studied by 
weight loss and potcntiodjnamic polarization methods. Inhibition efficiencies (IE) of these three 
niiicrocyclics luivc been cv:iltiiilcd lit three different tcniperiiturrs rmi{;inj; from 2V8-344 K. All the 
compounds have shown good Inhibition efficiency. The IE of all these compounds increased further on 
the addition of small amount of KI due to synergism. Potcntiodynamic polarization studies have revealed 
that all the invcsti{;atcd compound.s arc mixed type inhihilors. Ad.sorplion sltidies have 5lu>\ui Hint nil of 
these compounds inhibit corrosion of mild steel in 5 N HCI by adsorption mechanism. 
Keywords: Mild steel, acid corroiion, synergism, potcntiodynamic polarization, adsorption. 
INTRODUCTION 
Corrosion inhibitors arc widely used for the acid cleaning, 
oil will acidi/inp and pickling iro.itnicnts in hot .IIKI 
conLCiilralcd bydrocliloiic ,n.ids to niiniiiii/c llic corrosive 
attracks caused by the aggressiveness of HCI solutions (1-3) 
Survey of literature rcscals that there arc only a few classes 
of organic compounds which can be used as corrosion 
inhibitors at elevated lempcratureb in hot and concentrated 
hydrochloric acid [4-6] Hence there exists a need for 
developing new corrosion inhibitors 
Macrocyclic compounds have emerged recently as new and 
potential class of corrosion inhibitors (71, however, most of 
the work on these compounds as corrosion inhibitors has 
been done in ncuir.il and dilute acid solutions Tlic 
potentialities of these compounds as corrosion inhibitors at 
clcv.nicd temperatures lin\c not been explained In previous 
work we have studied the inhibiting cdcct of a lew 
macrocyclic compounds on corrosion of mild steel in dilute 
acid solutions (8-101 In the present work we have 
investigated the inhibiting properties of three macrocyclic 
cnnipounds vi/ 2, "5, 9, 10 Itlr.iphcnyl 6 H ditliu I 4 "i 
7 8, II, 12, l4-octaa7acycloictr.idcca 1, 1 6 8 10 
13-hcxanc (PTAT) 3. 4, 9, IG-tctraphcnyl 7. 12 ditliu I 2 
5. 6, «, I I - hcxa.untyclobiclct.ine - 2 4 7 8 10 12 
licxaiie (I'lAU). 3, 4. 9, 10 tctiaphcnyl 7,12 diox.i 1 
2, 5, 6. 8, ll-hexaazac>clobidecanc - 2, 4, 7 8 10 12 
hexanc (POAB) on corro';ion of mild steel in 5 N HCI at 
elevated Icmpcralurcs 
Experimental methods 
The mild steel strips having chemical composiiion C = 
0 14%, St = 0 17%, Mn= 0 35%, P = 0 3%, S = 0 025% and 
remainder Fe were used for all cxpcrimcnial testings Slccl 
strips of 2 X 2 X 0 025 cm were used for weight loss 
measurements whereas foi |)otcntiodyn,iinic polari/aiion 
stnps with an exposed area of 1 cm were used Ttie 
electrodes were polished successively with emery piptis (i( 
110, 210, 310 and 4 10 grade and degreascd with 
irichlorocthylene A R grade H^SO^ (MERCK) was used for 
preparing solutions Double distilled water uas used to 
prepare solutions of 1 N, 3 N and 5 N HjSO, for all 
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Fig. I: Scheme for the synthesis of macrocychc compounds 
experiments. The synthesis of macrocyclic compounds was 
done in the laboratory following the general procedure 
reported elsewhere [11J and characterized by IR spectral 
studies and TLC. Fig. 1 shows the molecular structure of 
macrocyclic compounds. 
Weight loss measurements were carried out as described in 
[12, 13]. The inhibition efficiency and corrosion rate were 
calculated from the weight loss values obtained in the 
presence and absence of Ihc inliibtlor al tlic ilcfmitc ninl 
known lime intervals. Polentiodynainic polarization studies 
were carried out using EG & G PARC 
Poicniiostai/galvanostat (Model-173), universal programmer 
(Modcl-175) and with X-Y recorder (model RE (X)89). A 
cell assembly having platinum as auxiliary electrode, 
saturated calomel electrode (SCE) as reference electrode and 
mild steel strips as working electrode were used for the 
experiments. 
TAULE 1: Corrosion parnnictcrs obtained from 
weight loss measurements in 5 N HCl containing 
different concentrations of macrocyclic compounds nf 
313 K for 3 hours 
nhibitor 
concn 
(ppm) 
5N HCl 
5(X) 
700 
1000 
1500 
2000 
IE 
(%) 
52 
58 
70 
80 
84 
PTAT 
CR 
(mmpy) 
139.49 
66 59 
58.74 
41 56 
27 25 
22 15 
IE 
(%) 
33 
40 
48 
60 
63 
PTAD 
CR 
(mmpy) 
139 49 
93.94 
83 58 
72 11 
55 86 
52 28 
POAU 
IE 
(%) 
— 
30 
36 
45 
55 
61 
CR 
(mmpy) 
139 49 
97 56 
89 20 
76 48 
62 36 
53 72 
TABLE II: Corroiion parameters obtained from 
"eight luss mcasureniciits in 5 N HCl coiilaining 
different concentrations of macrocyclic compounds at 
298 ± 2 K for 24 hours 
nhibitor 
concn 
(ppm) 
5N HCl 
700 
1000 
1500 
2000 
IE 
(%) 
— 
37 
59 
69 
74 
PTAT 
CR 
(mmpy) 
33 81 
21 21 
13 96 
10 49 
8.72 
PTAI5 
IE 
(%) 
33 
50 
56 
60 
CR 
(mmpy) 
3381 
22.59 
16.88 
14.89 
13.65 
POAU 
IE 
(%) 
31 
47 
52 
57 
CR 
(mmpy) 
33 81 
23.23 
IH04 
1631 
14.71 
RESULTS AND DISCUSSION 
The weight loss measuremenis were conducted in 5 N HCl 
at room temperature and at elevated temperature of 313 K 
and 343 K. TTie values of Inhibition efficiency (IE) and 
corrosion rate (CR) at different conccrlrations nf 
macrocyclic compounds arc given in Tables I, 11 and 111. 'Ilic 
results show that all the macrocyclic compounds act as 
effective corrosion inhibitors at room temperature as well as 
TABLE HI: Corro.sion pnramclcrs oljlninfd froiri 
\ycigli( lu .^s ^ludic:. fui° mild steel in 
5 N HCl containing different concentrations of 
macrocyclic compounds at 343 K for 30 minutes 
Inhibtior concn 
(ppm) 
IE 
(%) 
CR 
(mmpy) 
No Inhibitor 
PTAT 
500 
1000 
1500 
2000 
3000 
PTAT 
500 
1000 
1500 
2000 
3000 
POAB 
500 
1000 
1500 
2000 
3000 
1522 64 
50 
57 
66 
69 
70 
38 
46 
59 
61 
62 
31 
34 
45 
55 
56 
763 77 
6(>() 68 
511 I I 
479 46 
472.99 
941 76 
830 53 
626 35 
595 59 
580 ,55 
1056 10 
1006 62 
839 11 
680 29 
670 49 
55 
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TABLE IV: Inliibition cfTicicncics of macrocyclic compounds obtained from 
Mciglit loss measurements in absence and presence of KI at different temperatures 
Temp 
Duration 
Sjstem 
PTAT 
PTAB 
POAB 
Inhi 
concn 
(ppm) 
700 
700 
1000 
10(K) 
700 
700 
1000 
l(X)0 
700 
700 
1000 
1000 
298 ± 5 K 
24 hours 
KI 
cone 
(%) 
. 
0 i 
— 
0 1 
— 
0 I 
— 
0 1 
— 
0.1 
— 
0.1 
IE 
(%) 
37 
79 
59 
87 
33 
69 
50 
80 
31 
60 
47 
76 
Inhi 
concn 
(ppm) 
500 
500 
1000 
1000 
500 
500 
1000 
1000 
500 
500 
1000 
1000 
313±2 K 
3 hours 
KI 
cone 
(%) 
— 
0 1 
— 
0.1 
— 
0 1 
— 
0 1 
— 
01 
— 
0.1 
IE 
(%) 
52 
76 
70 
81 
33 
61 
48 
66 
30 
58 
45 
60 
Inhi 
concn 
(ppm) 
1500 
1500 
2000 
2000 
1500 
1500 
2000 
2000 
1500 
1500 
2C(00 
2000 
343 ± 2 K 
0.5 hour 
KI 
cone 
(%) 
— 
0 25 
— 
0 25 
— 
0 25 
— 
0 25 
— 
0 25 
— 
0 25 
IE 
(%) 
66 
78 
69 
83 
59 
11 
61 
79 
45 
65 
55 
7! 
at 313 K and 343 K. These compounds exhibit their PTAT. Since compounds containing both nitrogen and 
maximum IE at concentrations of 2000 ppm and 3000 ppm sulphur atoms arc reported to be better inhibiiors than tlxi'^ c 
il •'13 K and 343 K rcspcctivcl\. containing nitrogen iind oxygen iiloiiis (M| TIAH 
•nic IE of macrocycl.c compounds followed the order:- ^^ "'^"S-^" '^ "^ ^ sulphur atoms) gives better performance 
PTAT > PTAB > POAB 
The difference in their inhibitive action can be explained on 
the basis of the number of hcleroatoms (N and S) present in 
these molecules PTAT contains 10 heteroatoms (8 N + 2 S) 
as reactive sues through which it adsorbs on the metal 
surface and gives highest IE. while other compounds PTAB 
and POAB possess 8 heteroatoms thereby give less IE than 
TAUEIC V: Synergistic piirnmctcrs obtnined from 
different concentrations of macrocyclic compounds in . 
5 N nCl nt diffcrciit tcmpcrntiircs 
298 K 313 K 343 K 
System Inhi 
concn 
(ppm) 
Inhi 
concn 
(ppm) 
Inhi 
concn 
(ppm) 
PTAT 
PTAB 
POAB 
700 
1000 
700 
1000 
700 
1000 
1 79 
1 88 
1 30 
1 51 
1 03 
1 35 
500 
1000 
500 
1000 
500 
1000 
149 
1 13 
1.27 
1 12 
I 23 
101 
1500 
2000 
1500 
2000 
1500 
2000 
1.03 
1.26 
1 01 
1 25 
1 08 
1 04 
080 
0 70 
060 -
0 50 
Fig 2 Teinkm's adsorpuon isoOieini plots foi 
mild steel in 5 N HCl contommg different coiiceniiations oj 
macrocyclic compoimd<; 
(I) PTAT (2) PTAB (3) POAB 
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STS 
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) 
-<;;!^::r^3-'j 
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Curr tn t d«n)ity ^K cm Cur ren t density p A ci -2 
Fig 5 Potentiod)na/nic polarization curves for 
mild steel coniammg different concenlraiion of PTAT in 
(a) 5 N HCl (I) Wank (2) 300 ppm iJ) 500 ppm 
(4) 700 ppm (5) 1000 ppm 
(b)5NHCl (1) Blank (2) 5 N HCl + Kl 
(3) 500 ppm + Kl (4) 700 ppm + Kl 
Fig 5 FotenlioJinainic polarization ciir\cs for 
mild sled coniammg different conceniialion nf I'OA/i m 
(a) 5 N HCl (t) lllivik (2) VU) ppm (Ij V«)/./.m 
(4) 700 ppm (5) KXX) ppm 
(b) 5 N HCl in Blank (2) 5 N IK I + Kl 
(3) 500 ppm + Kl 14) 700 ppm + Kl 
as corrosion inhibitor than POAB (6 nitrogen and 2 oxygen the cnlianccd inhibition clficicncy of inai.roLychc 
atom';) coiiipouniU L mscd by the .icldilioii oi iinlidi, ion\ is duo lo 
Tabic IV gives the values of IE lor specific concentrations synergistic effect |J5J 
of inhibitors in combination wiili Kl and shows that IE Table V gives the values of synergistic parameter (S,) 
increases on the addition of iodide ions for all of the calculated by using the Aramaki and Hackei man reUilionship 
compounds in the range of 10-40% thereby suggesting thai [16] 
1 - 1 1+2 
Current density u A cm 
10 
Fig 4 Poientiodynamic polarization curves for 
mild steel containing different concentration of FT AD m 
la) 5 N HCl (I) Blank (2) 300 ppm (3) 500 ppm 
14) 700 ppm (5) 1000 ppm 
(b) 5 N HCl (I) Blank (2) 5 N HCl + Kl 
(3) 500 ppm + Kl (4) 700 ppm + Kl 
1+2 
Where 
'l+2 ~ ('i "'"^ 2) ~ ^'1 '2)' '1 ~ Inhibition elficicm-y of the 
anion, Ij = Inhibition efncicncy of the (.atioii, 
I'l^j = Measured inhibition cffieiency for Ihc cation in 
combination with aninii 
S| values given lor all macriKyclit compounds 111 S N IICI 
at all temperatures are more than unity, thereby showing the 
phenomenon of synergism caused by the addition ol iodide 
ions to niacrocyclic compounds 
Adsorption isotherm 
The values of surface coverage (G) were evaluated by using 
the values of IE obtained from the weight loss data in 5 N 
HCl Temkin isotherms were plotted (9 vs log C) for nil 
compounds A straight line was obtained in all the cases 
thereby clearly proving the fact that ihc adsorption of these 
57 
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TABLE VI: Elcc(rocIicniical paramcUrs for mild steel in 
5 N HCI containing different concentrations of 
macrocyclic compounds at 308 K 
TABLE VII: Electrochemical parameters for mild 
steel in S N HCI containing different concentrations of 
macrocyclic compounds witli and without Kl at 308 K 
Ifihiliilor 
loncn ((1 
U'l"") 
No Inliihitor 
I 'TAT 
500 
700 
1000 
2000 
PTAD 
500 
700 
1000 
2(KX) 
roAu 
500 
700 
1000 
2000 
lA.cni ) 
4000 
720 
550 
340 
330 
1000 
920 
640 
560 
1800 
1200 
1100 
1000 
( n i V ) ( i i 
-520 
-528 
-536 
-530 
-538 
-524 
-524 
-526 
-524 
-524 
-530 
-526 
-522 
1)^ 
i iV d i e 
130 
120 
130 
120 
120 
120 
110 
120 
110 
130 
130 
120 
120 
1)^  
') (luV.dcc"' 
80 
60 
60 
60 
60 
60 
50 
60 
60 
60 
60 
60 
60 
H: 
) (%) 
.— 
82 
86 
92 
92 
75 
77 
84 
86 
55 
70 
73 
75 
Inlii 
concn 
(ppin 
SNIICI 
5NIIC1 
PTAT 
700 
700 
1000 
1000 
PTAB 
700 
700 
1000 
1000 
POAB 
700 
700 
1000 
1000 
KI 
concn 
(%) 
0 25 
^ 
0 25 
— 
0 25 
— 
0 25 
— 
0 25 
— 
0 25 
0 25 
corr 
(HA.cn\" 
4(X)0 
580 
550 
420 
340 
328 
920 
460 
640 
400 
1200 
480 
1100 
440 
E 
t-orr 
) ( m V ) ( i r 
-520 
-516 
-536 
-540 
-530 
-542 
-524 
-536 
-526 
-540 
-530 
-520 
-526 
-522 
•'c 
iV.dcc 
130 
no 
130 
1)5 
120 
110 
110 
118 
120 
120 
130 
120 
120 
120 
h 
it 
'XmV <kc 
K() 
5K 
60 
55 
60 
70 
50 
56 
60 
58 
60 
60 
60 
50 
II 
') (%) 
X(^ 
86 
90 
92 
92 
77 
79 
84 
90 
70 
88 
73 
89 
compounds on the surface of mild sieel obeys Temkin's 
adsorption isotherm 
Potcntiodynamic polarization studies 
TTic anodic and caihodic poUriMtion behaviour of mild steel 
in absence and presence of PTAT, PTAB and POAB m 5 N 
HCI 1"; shown in fig-- 3n 4.\ and 5.i Various corrosion 
par.iMicicrs obtained Ironi the puljriz.idon curves such as 
corrosion current density (i^ oa)- Corrosion potential {E^^,) 
Tafel slope constants (b &. bj and inhibition efficiency (IE) 
of PTAT, PTAB and POAB are given in Table VI These 
results show that all the compounds bring down i^ .^ ^ value 
at all concentrations and maximum decrease in i^ ^^ ^ value is 
obtained at 2000 ppm in 5 N HCI It is also found that the 
addition of these compounds do not show signiricant shift 
of corrosion potential in 5 N HCI showing the mixed nature 
of inhibitors 
E , b„ b. and IE for 
c o n (.CKT ^ • 
Tabic VI shows the values of i 
specific concentrations of inhibitors in combination with KI 
A significant decrease in i^ „^ value is observed with 700 and 
ItXX) ppm conccntralion and 0 25?o KI figs 3b, 4b and 5b 
show the polarization curves in presence of macrocyclic 
compounds containing KI These results also support the 
synergistic effect 
It is seen from the results that the addition of KI to inhibited 
solutions causes decrease in i^ ^^  values, thereby showing thai 
there exist synergism between macrocyclic compounds and 
KI 
CONCLUSIONS 
1 All macrocyclic compounds act as efficient corrosion 
inhibitors in 5 N HCI at different temperatures 
2 PTAT showed the best performance among the three 
studied compounds at all tcmperalurcs 
3 All compounds have shown decrease in IE on 
increasing the temperature 
4 Addition of iodide ions lo different cunccntralions of 
inhibitors increased the inhibition efficiency at all 
temperatures, values of S^  more than unity confirmed 
the phenomenon of synergism 
5 Adsorption of these compounds on mild steel obeyed 
Icmkjn's adsorption isotherm 
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6. Polcnliodynamic polariazUon studies have revealed ihe 
mixed nalurc of inhibition of all niacrocyclic 
compounds. 
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Corrosion Inhibitory Properties of Some Condensation Products on 
Oil Well Tubular Steel (N - 80) and Mild Steel in Acidic Environment 
Danish Jamal and M.A. Quraishi 
Corrosion Research Laboratory 
Department of Applied Chemistry, Faculty of Engineering & Technology 
Aligarh Muslim University, Aligarh - 202 002, India 
ABSTRACT 
Selected condensation products of aromatic aldehydes and thtosemicarbazide have been syntttestzed and evaluated as 
corrosion inhibitor:! for mild steel and oil well steel (N - 80) m lS<ib HO at 105 ± 2° C by weight loss method All the 
condensation products showed excellent performance. 1-Cinnamaldehyde thiosemicarbazone (CTS) was found to be the 
best corrosion inhibitor. It exhibited 99 5 7 % inhibition effiaency for mild steel and 97.26'ii for N-80 steel at 5000 ppm 
of inhibitor concentration The potentiodynamic polarization studies earned out at mom temperature on mild steel in 15'iii 
HO containing SCO ppm of condensation products and on N-80 steel In IS'ib HO containing 500 ppm of CTS showed that 
all the Investigated compounds except 1-Dlmethylamlnobenzaldehyde thiosemicarbazone (DTS) are mixed type 
Inhibitors. DTS exhibited predominantly cathodic behaviour. The adsorption of all the condensation products was found to 
obey Temkin 's adsorption isotherm 
INTRODUCTION 
Aadization of petroleum oil well is one of the important 
stimulation techniques for enhanang oil pnxluction. It 
IS brought about by using a solution of 15-28% 
hydrochloric aad To reduce the aggressive attacks of 
acid on tubing and casing materials, inhibitors are 
incorporated to aad solution during aadising process ' 
A perusal of literature on Aadising corrosion inhibitors 
indicate that effective corrosion inhibitors used dunng 
acidization include acetylenic alcohols,^'' alkenyl 
phenones,* aromatic aldehydes,' nitrogen containing 
heterocyclic and their quarternary salts '"• and 
condensation products of cartxinyls and amines ' 
In continuation of our work on development of aadizing 
corrosion inhibitors ' ° " " we have synthesized a few 
aromatic condensation products namely 
1-Dimethylaminobenzaldehyde thiosemicarbazone 
(DTS), 1-Vanilline thiosemicarbazone (VTS), 
1-Salicyladehyde thiosemicarbazone (SIS), 
1-Benzaldehyde thiosemicarbazone (BTS) and 
1-Onnamaldehyde thiosemicarbazone (CTS) with an 
objective to study their corrosion inhibiting properties 
on N-80 and mild steel in HO The selection of these 
compounds as corrosion inhibitor is based on the facts 
that these compounds contains lone pair of electrons 
on N- and S- atoms and n - electrons of the aromatic 
ring through which they can adsorb themselves on the 
metal surface 
EXPERIMENTAL 
Weight Loss Studies 
The expenments were earned out using oil well steel 
(N-80) and cold rolled mild steel in 15% HCI The mild 
steel sample of size 2 0 cm x 2 0 cm x 0 6 cm 
having composition, C = 0 14%, Mn = 0 35%, 
Si = 0 17%, S = 0.025%, P = 0 03%, and remainder 
Fe and N - 8 0 steel of size 2.0 cm x 1.0 cm x 0.7 cm 
having composition described elsewhere" were used 
for weight loss measurement studies The 
expenments were performed in a 500 ml. three neck 
round bottom flask using condenser at 105 ± 2°C 
as per ASTM G 1-72 " 
ELECTROCHEMICAL STUDIES 
For potentiodynamic polarization studies, stnps of 
mild steel and N - 80 steel of same composition 
as taken for weight loss studies embedded n 
araldite with an exposed area of 1.0 cm' v/ere used 
and the experiments were carried out at constant 
temperature of 28 ± 2°C as per G 3 - 74 and G 5 - 87 '" 
Potentiodynamic polarization stuches were earned 
out using EG 8t G PARC potentiostat / galvanostat 
(model -173) universal programmer (model -175) and 
X - Y recorder (model - RE 0089) A platinum foil was 
used as auxiliary electrode and a saturated calomel 
electrode was used as reference electrode AR grade 
HCI (MERCK) and doubled distilled water were used for 
preparing test solutions of 15% HCI for all the 
expenments The inhibitors were synthesized in the 
latwratory following the procedure descnbed by Desai 
et al '^  and the compounds were charactenzed through 
I R spectra The purity of the compounds was checked 
by TLCThe molecular structures and other details of 
the inhibitors examined are given in Table - 1 
J Bectrochem Soc India Vol <9 - 2 (2OO0) 56 59 C E C S I Bangalo-v 
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Table - I Name and structures of inhibitors used. 
STl,- C - WH?* • 
^ - ^ CH, 
OH 
HO 
s 
NH, - C - NHX - C H - C ^ 
NH,- C - NHN • 
NH,-C.NHX-
Krtj-C-NHN-CH-CH- O ^ 
Dd^BJCKM and abtirrvuo** 
ivrs) 
biioo« 
ISTS) 
(BTS) 
b u s M 
(CTS) 
Table - n CorrtKKyi parameters for miW steel in boiling 15% HQ 
(105 ± 27°C) in absence and presence of different concentrabons of 
vanous inhibitors frtjm weight loss measurements. 
RESULT AND DISCUSSION 
Weight Loss Studies 
Various corrosion parameters obtained from weight loss 
methods for mild steel in 15% HQ in absence and 
presence of inhibitor under boiling conditions at 
105 ± 2°C at concentration ranging from 1000 ppm to 
5000 ppm are given in Table-2. It is evident from the 
table that all the compounds examined are good 
inhibitors. The CTS has been found to give maximum 
inhibition efficiency of 99.57% among the studied 
condensation products. 
The corrosion inhibition tests were also carried out on 
N-80 steel using 3000 ppm and 5000 ppm of CTS 
(Table - 3), It exhibited an inhibition efficiency of 99.33% 
at 500 ppm concentration in boiling HCI for 
6 hour. 
Application of Adsorption Isotherm 
The surface coverage values (0) were evaluated using 
values of inhibition effiaency obtained from weight loss 
method. The 9 values for different concentration of 
inhibitors from the acid were tested graphically by fitting 
to various isotherms. Temkin's adsorption isotherm was 
tested by plotting 9vs log C, where C is concentration 
of inhibitor in mole I ' . A straight line relationship 
indicated that the adsorpbon of the compounds from 
the acid followed Temkin's adsorption isotherm (Fig. 1). 
Potentiodynamic Polarization Studies 
The potentiodynamic polarization curves of mild steel 
J Electrochem Soc India 
CooaanticB 
(j)fm) 
I5SHCI 
DTS 
lOOO 
2000 
30M 
4000 
5000 
m 
1000 
2000 
3000 
4000 
5C00 
STS 
1000 
2000 
3000 
4000 
SOOO 
BTS 
1000 
20OO 
JCOO 
4000 
5000 
as 
1000 
2000 
3000 
4000 
5O0O 
Wcighloa 
760 
0.42 
0 3» 
0.33 
OU 
0.76 
044 
014 
0 07 
0 07 
OIS 
015 
ODS 
007 
007 
007 
0O6 
004 
004 
005 
012 
001 
006 
003 
0.02 
IE. 
'M4I 
9 4 « 
95 60 
95 53 
95 4« 
W95 
W.II 
9120 
9901 
9910 
97 67 
9J07 
9199 
9410 
9912 
99 06 
99 25 
99 43 
99 40 
99 :0 
9 ! 45 
9S90 
99 24 
99 57 
99 67 
Cofrosoorce 
(mapv) 
14420 
796 
722 
634 
644 
655 
1449 
S39 
259 
143 
130 
336 
271 
1<» 
130 
127 
135 
101 
J2 
S6 
J7 
223 
159 
109 
62 
47 
Table - r n Conosion parameters for N-80 steel in 15% HO at IDS 
± 27°C in absence and presence of inhibitors 
from weight loss measurements 
CoocoiniwiB 
(ppm) 
15SH0 
CTS 3000 
5000 
l>5h0Bi 
LL 
9105 
97 24 
CR. 
(nmpy) 
3140 
61.16 
15 90 
3 0 hour 
I L 
(S) 
9731 
95 J9 
2380 
63 92 
97 SI 
6 0bo<jr 
1 1 -
96 95 
94 52 
Vol 49 
rn. 
(cmfiy) 
~\in 
5518 
99 33 
2 (2000) 
innvi inhibitory Properties 194 sa 
20 11 22 33 3A 15 3J5 37 
log C (ppm) 
Fig 1 Temkin's 3dsorpbon isotherm plots for the adsorption of 
various inhibitors in 15% boiling HO on the surface of mild steel 
1 . OTS, 2. VTS, 3. STS, 4 . BTS, S. CTS 
In 15% HO at temperatures 28 ± 2°C in absence and 
presence of optimum concentration of the inhibitors are 
shown in Rg 2. It is seen from this figure that I ^ values 
deaease significantly in presence of the inhibitors. This 
, ( ^ *C* ' ) 
Fig 2 Potenbodynamic polanzabon curves for miW steel in 15% 
HC m the presence and abservre o ' various inhibitors at 500 ppm 
1 15%, 2. DTS, 3 VTS, 4 STS, 5. BTS, 6. CTS 
observation indicates the effectiveness of the 
synthesized condensation products in 15% HCI It is 
also found from the results that all the compounds under 
study except DTS are mixed type inhibitors DTS is found 
to behave predominantly as cathodic inhibitor. 
Potentiodynamic polarization curves for N - 80 tubular 
steel m 15% HCI in the presence and absence of 
J -«O0 
Fig. 3 Potenbodynamic polarization curves for N 80 steel in 15% 
HQ m the presence and absence of inhibitors at 500 ppm 
1 . 15%, 2. HO, 3. CTS 
CTS 500 ppm IS shown in Fig. 3 The results clearly 
show that CTS is a mixed type inhibitor 
The effectiveness of a compound as a corrosion inhibitor 
depends on the structure of the organic compounds " 
The inhibition of corrosion caused by the condensation 
products can be due to interactions between x-electrons 
of benzene ring and lone pair of electrons present on 
N- and S- atoms, with the positively charged metal 
surface. Presence of azomethine group (-C = N) also 
play a major role in inaeasing the inhibition efficiency 
The variation in inhibitive performance mainly depends 
on the type and nature of the substituents present in 
the inhibitor molecule." Among the compounds 
investigated in the present study, CTS has been found 
to give the best performance as corrosion inhibitor This 
can be explained on the basis of the presence of an 
additional TC txind between carbon atom (-C = C-) in 
conjugation with azomethine (-C = N-) group These 
extensively delocalized it-electrons favour greater 
adsorption on the metal surface as compared to other 
compounds Lesser inhibition efficiency shown by DTS, 
STS and VTS as compared to not included BTS may be 
attnbuted to the onentation on the metal surface causing 
less adsorption thereby less inhibition Similar 
explanation has been given by Rangamani et al " 
CONCLUSIONS 
The following conclusions can be drawn on the basis of 
present investigation 
(1) All the investigated condensation products namely 
DTS, VTS, STS, BTS and CTS are effective inhibitors 
for corrosion of mild steel in 15% boiling HO 
solution 
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(2) All the compounds except DTS are mixed type 
inhibitors i e they inhibit both anodic as well as 
cathodic reactions 
(3) They "bring down the corrosion by adsorption 
mechanism 
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ABSTRACT 
The influence of 3-methyl-2, 6-diphenyl plperidine-4-one (MDPO) and 2-phenyl decahydroquinollne-4-one (PDQO) 
syntheslsed in the laboratory on hydrogen permeation and corrosion Inhibition of mild steel in IN H^O^ has been studied 
using weight loss and various electrochemical AC and DC corrosion monitoring techniques. Both the compounds inhibit the 
corrosion of mild steel In H^SO^ Potentiodynamic polarisation studies deariy reveal that they behave predominantly as 
cathodic Inhibitors. The extent of reduction of hydrogen permeation current through steel surface has been studied by 
hydrogen electropermeation technique. Double layer capacitance and charge transfer resistance values were derived from 
Nyquist plots obtained from A.C. impedance studies. The adsorption of these compounds on the mild steel surface from 
HSO, obeys Temkin 's adsorption isotherm. 
INTRODUCTION 
Khitrov et al. [ l ] and Levin and Solomon [2] have studied 
the inhibiting influence of piperidine and cyclohexanone 
on the corrosion of copper in acidic solutions. The 
inhibiting influence is attributed to the adsorption of 
these compounds through the -NH group in the case of 
piperidine and -CO group in the case of cydohexanone. 
Piperidone cor tains both -CO and -NH groups. Further 
in the case of piperidine the ds form is the most stable 
form. In the present study, the influence of 3-methyl-2, 
6-diphenyl piperidine-4-one (MDPO) and 2-phenyl 
decahydroquiroline-4-one (MDQO) on the corrosion of 
mild steel in an acidic solution has been investigated, 
for getting an idea on the combined influence of -CO 
and -NH groups on the performance of these compounds 
as corrosion inhibitors. 
potentiodynamically (1 mV sec') using the corrosion 
measurement system BAS (Model: 100 A) computerised 
electrochemical analyser (made in West Lafayette, 
Indiana) and PL-10 digital plotter (DMP-40) series, 
Houston Instrument Division). A platinum foil and 
Hg/HgjSOyiN HjSO, electrode were used as auxiliary 
and reference electrodes respect ively. The 
electrocapillary behaviour of these compounds was 
studied at 25 ± 1°C using a capillary electrometer 
according to Devanathan and Peries(6). Hydrogen 
permeation study was carried out using an adaptation 
of modified Devanathan and Stachurski 's two 
compartment cell as desaibed earlier [7,8]. Double layer 
capacitance and charge transfer resistance values were 
obtained using AC impedance measurements as 
descrit)ed in an earlier publication [9]. 
EXPERIMENTAL 
Mild steel specimens of the following composition 
C = 0.07%, P = 0.08%, Si = Nil, Mn = 0.38% and Fe 
remainder and of size 5 cm x 2 cm x 0.025 cm were 
used for weight loss and hydrogen permeation studies. 
Mild steel cylindrical rod of the same composition as 
3tx)ve and embedded in araldite with an exposed area 
of 0.283 cm' was used for potentiodynamic polarisation 
and AC impedance measurements. 
Inhibitors were synthesised in the laboratory as per the 
procedures reported elsewhere [3,4]. 
Both the inhibitors were preliminarily saeened by weight 
loss method desaibed elsewhere [5]. Both cathodic and 
anodic polarisation curves were recorded 
RESULTS AND DISCUSSION 
Corrosion Inhibitions: 
Table 1 gives values of inhibition efficiency for different 
concentrations of MDPO and PDQO in IN H^SO .^ It can 
be seen from this table that both these compounds inhibit 
the con-osion of mild steel in IN HjSO^ solutions. The 
extent of the inhibition is found to be more for MDPO 
than for PDQO. The inhibition of corrosion of mild steel 
by both these compounds can be explained as follows : 
The extent of inhibition depends upon the nature and 
mode of adsorption of inhibitors on the metal surface. 
The adsorption is assumed to be a quasi substitution 
process between the water molecules on the surface 
and the organic molecules. Both the compounds are 
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TaWe - 1 Values o^ inhibrtwn efficiency for different 
concentratxjns of MDPO and PDQO in IN H,SO, 
InhibrtDf and 
concentration 
. (mM) 
- MDPO 
2 
5 
10 
15 
20 
POQO 
2 
5 
10 
15 
20 
InhltxtJon cffldcfKy 
(%) 
84.8 
87.6 
88.2 
89.4 
90.3 
69.6 
78.9 
83.6 
84.6 
86.2 
adsorbed verticalty with - NH group as the anchoring 
group and -CO group projecting into the solution. The 
interaction of piperidones with the metal surface may 
occur either through the -CO or -NH group but not 
tnrough both of them, as they are in the (1.4 para) 
position with respect to one another. 
In MDPO and PDQO nrolecules, the electronegativity of 
atoms in the two groups favours NH to be the anchoring 
site. It is well known that in piperidonec, the lone pair 
n 
o ) 
I I I t I I I I I I I 
b ) 
of electrons on nitrogen is equatorial and the hydrogen 
attached to nitrogen is axial [110]. Therefore, when 
the adsorption of MDPO occurs, it takes place through 
the equatorial kjne pairs. In this mode of adsorption, 
the high inhibition efficiency achieved with as form is 
interpreted in terms of saeening of the metal surface 
by the bulky phenyl groups. The possible mode of 
adsorption of these compounds on the metal surface is 
shown in the Rg. 1. 
The greater inhibitive power of MDPO may oe due to 
the presence of nwre number of n-electrons in the nng, 
because of the presence of an extra phenyl group in 
the compound. The presence of an electron releasing 
methyl group in the ring may also be responsible for 
nrtore adsorption of this compound on the rnietal surface 
leading to more inhibition. So MDPO gives more 
inhibition than PDQO in IN HjSO,. 
Application of Adsorption Isotherm : 
In the present of study, values of surface coverage (0) 
were evaluated using values of inhibition efficiency and 
capactance values as described earlier [11]. Different 
adsorption isotherms were tested for both the 
compounds. It can be seen from Fig. 2 that a straight 
line was obtained in both the cases when 9 was plotted 
against log C proving ttiereby the fact that the adsorpbon 
of these compounds on the surface of mild steel obeys 
Temkin's adsorption isotherm. 
0-92 
CD 
en 
o 
Of 
> 
o 
o 
3 
0 88 
0-8^ -
0-80 
Fig. 1 
Potentiondynamic Polarisation Studies : 
Table 2 give various corrosion kinetic parameters such 
as corrosion cun-ent ( I ^ ) , corrosion potential (E^ ) and 
anodic and cathodic Tafel slopes (b, and b j obtained 
from potentiodynamic potensation curves. The influences 
of these compounds on the above kinetic oarameters 
are discussed betow 
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Table - I I Potcntiod.rjrr.^ f^oanw on petamoters (or the cofOSSKXi of nrvcld steel in IN H^SO, wtJi er>d witTiout inh(txtors 
Inhibitor 
corvcentratxin 
(mM) 
Blank 
(IN H,SO0 
MDPO 
2 
5 
10 
PDQO J 
2 
5 
10 
(mV) 
-910 
-895 
-897 
-899 
-893 
-894 
-899 
Tafel slopes 
(mVdec') 
be b. 
160 
150 
160 
175 
141 
149 
155 
80 
82 
82 
85 
82 
83 
82 
(mA cm') 
1.68 
0.24 
0.19 
0 16 
0 57 
0.32 
0 27 
I E 
(Vo) 
-
05.7 
88.6 
90 4 
660 
809 
83 9 
I E (%) 
From wetght 
Loss 
-
64.8 
87.6 
882 
69.6 
78 9 
83.6 
It IS found from the Table 2 that the addition of both 
the compounds shifts the E ^ to less negative values. 
Values of corrosion current obtained by the extrapolation 
of Tafel plots for the corrosion of mid steel in IN HjSO^ 
alone and in the presence of compounds under study 
bring out in the fact that the decrease in corrosion 
current is more in MDPO than in PDQO. This order agrees 
very well with that obtained for the corrosion inhibition 
efficiency. 
Table 2 also gives values of inhibition efficiency obtained 
from weight loss measurements and from I ^ values, in 
the absence and presence of compounds used in this 
study. A fairly good agreement has been noticed, in a 
majority of cases. 
In the absence of compounds under study, the 
polarisation behaviour of mild steel in IN HjSO^ showed 
an anodic Tafel slope of 80 mV cathodic Tafel s'ope of 
130 mV. 
It has been observed that both MDPO and PDQO 
increase the values of b^  with an increase in the 
concentration of these compounds. The increase in the 
values of b^  is found to b>e more with MDPO. There is 
only a very small increase in the values of b, with 
inaease in the concentration. So tx3th these compounds 
function as cathodic inhibitors, by influencing the 
cathodic reaction of hydrogen evolution. 
Adsorption Studies Using Capillary Electrometer: 
Electrocapillary curves for IN H2S04 in the presence of 
the compounds under study were obtained for having a 
qualitative idea regarding the influence of different 
substituent groups or atoms present in these compounds 
on the extent of adsorption on the metal surface. This 
in turn, will lead to an approximate correlation between 
the extent of adsorption and the extent of corrosion 
inhibition by both the compounds 
Fig. 3 shows the electrocapillary curve for H^SO^ in the 
presence of 5mM PDQO and MDPO. It is found from the 
figure that MDPO adsorbs to a greater extent on the 
metal surface than PDQO and the adsorption is found 
to be more on the positively charged metal surface. 
The adsorption of MDPO on the metal surface can be 
explained in the following way : 
0 OC 06 12 U 
PoteMial.-£(V)vs Hg/Hg^SO^ /OSMHjSO^ 
Rg. 3 
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The adsorption on the positively charged metal surface 
can be ascribed to the interaction t>etween n-eiectrons 
of the phenyl ring with the positively charged metal 
surface. Methyl group being nucleophilic leads to the 
release of more n-electrons, thereby favouring more 
adsorption on the metal surface. The adsorption on the 
negatively charge-d metal surface may be due to the 
interaction between the cations formed in acidic 
solutions and the negatively charged metal surface. 
In the case of PDQO also, the adsorption characteristics 
can be explained in a similar way. The order of extent 
of adsorption and corrosion inhibition efficiency follows 
the same trend in H^SO, solutions: 
MDPO (87.6%) > PDQO (78.9%) 
So, a definite correlation exists between the extent of 
adsorption and the comDsion inhibition efficiency. 
Hydrogen Permeation Measurements : 
Hydrogen can enter into the metal during various 
industrial operations like melting, heat treatment, 
pickling and electrochemical processes such as cathodic 
cleaning and 'electrolytic machirving. Of the various 
sources of hydrogen entry into the metal, pickling is 
one of the basic steps in electroplating processes in 
which miners! acids are used for the removal of the 
rust and the scale. The following are the main reactions 
in acidic solutions: 
M + HjO* +e- Hfi + MH^ (1) 
Where M is the cathodic metal surface. This discharge 
step is followed by either 
M H ^ + f ^ H ^ --• 2M + H, 
or 
(2) 
(3) MH , + H,0 ' -f e- -» M + H,0 + H, 
(Electrochemical desorption) 
A part of the atomic hydrogen liberated during the 
picklmg process enters the metal and the remainder is 
evolved as hydrogen gas. Organic compounds are 
generally added to pickling baths to minimise the base 
metal attack and the hydrogen liberated. However, the 
fraction of hydrogen atoms that enters the metal 
produces some detrimental effects [12] on the 
mechanical properties of iron / steel such as reduction 
in the ductility, lowering the fracture stress and a loss 
in the niechanical strength leading to hydrogen 
embnttlment. This phenomenon is also CBlled "delayed 
failure". It has been already pointed out that [12] the 
hydrogen permeation current measurement, under 
pickling conditions can be a useful tool in evaluating 
the inhibitors from the point of view of predicting the 
extent of hydrogen embrittlement. A similar suggestion 
has been made with regard to the saeenmg of addition 
agents employed in electroplating baths as the basis of 
their capability in reducing hydrogen intake [13]. 
In the present study, the hydrogen permeation currents 
are recorded in HjSO, in the absence and presence of 
inhibitors. This study has been taken up with an idea of 
saeening the inhibitors with regard to their effectiveness 
on the reduction of hydrogen uptake. 
EFFECT OF I N H I B I T O R S ON HYDROGEN 
PERMEATION : 
Fig4. shows the variation of permeation current vs time 
for mild steel in iN H^SO, in the presence of MDPO and 
PDQO (5 mM). 
Fig. 4 
It is found from Fig. 4 that both these compounds bring 
down the permeation current to the extent of 50% and 
MDPO performs better than PDQO. The corrosion 
inhibition efficiency of these compounds in IN H^ SO^ 
follows the same order : 
So a definite correlation exists between the corrosion 
inhibition efficiency and the extent of reduction in the 
permeation current of these compounds. It is a well 
known fact that higher the cathodic Tafel slope in the 
presence of an inhibiting compound, lesser wii| be the 
corrosion and hydrogen intake by the metal. An increase 
in the cathodic Tafel slope leads to an increase in the 
energy barrier for proton discharge and less evolution 
of hydrogen. This in turn leads to less permeation of 
hydrogen through metals. In this regard MDPO which 
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has more cathodic Tafel slope performs better than 
PDQO. 
Impedance Measurements : 
Impedance diagrams obtained for the frequency 60 kHz 
to 100 mHz range at the open circuit potential for mild 
steel in IN H^SO. in the presence and absence of 
different compounds under study are shown in Figs. 5 
and 6. It is seen from these figures that the impedance 
diagrams in both the cases are not perfect semicircles. 
This difference has been attributed to the frequency 
dispersion (14]. 
(0 
E 
o 20 
6/W 1 
M J - ' - " " ' ' 
1 1' 
1 
^ ^ 
^ ^ 1 
1 iX , ; \ 
w eo 
1'(ohms ) 
Fig. 6 (a) 
12 C 
8 12 16 
Z ( ohms ) 
Ftg.S 
Impedance parameters derived from Nyqist plots are 
given in Table - 3. It is observed from Table - 3, that the 
value of charge transfer resistance (R,) increase with 
increase in the concentration of the inhibitors and this 
in turn leads to a decrease in 1 ^ for mild steel in the 
acidic solution. As impedance diagrams for solutions 
Fig. 6 (b) 
Both the compounds act as inhibitors as observed from 
values of R,, C^ and Icorrr from Table-3. Between the 
two, MDPO performs better in IN H^SO, by enhancing 
the value of R^  to a greater extent than PDQO and also 
by bringing down the C^ value and I ^ value to a greater 
extent than PDQO. 
Table - I I I Impedance parameters for the corrosion of mikj steel in IN H ^ , In the presence of different concentratxjns of inhibtors. 
Inhibitor 
And concentration 
(mM) 
Blank 
MDPO 
2 
5 
10 
PDQO 
2 
5 
10 
R< 
(ohm cm') 
6.36 
64.2 
73.3 
74.1 
62.2 
75.4 
76.2 
{ i^Fc^1•') 
183.2 
105.6 
94.4 
92.5 
107.2 
96.8 
94.5 
IcofT 
(mA cm'^ ) 
3.38 
0.45 
0.41 
0.39 
0.85 
0.51 
0.48 
I.E 
(%) 
-
86.6 
87.7 
88.4 
74.7 
84.8 
85.7 
examines have almost a semicircle appearance, it 
indicates that a change transfer process mainly controls 
the corrosion of steel. Double layer capacitance values 
(CJ decreases and the concentration of inhibitor 
inaeases, v/hich indicates the adsorption of the inhibitor 
on the metal surface. 
CONCLUSIONS 
The following main conclusions are drawn from the 
present study. 
1. Both MDPO and PDQO inhibit the corrosion of mild 
steel in IN H^SO^ But the former is found to t^ e 
more effective. 
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2 Both the compounds behave as inhibitors 
3 The adsorption of these compounds on the surface 
of mild steel from IN H^SO, obeys Temkin's 
adsorption isotherm 
4. Both the compounds bring about a reduction in 
permeation current through mild steel in H^ SO^  but 
MDPO IS more effectrve 
5 Reduction in the values of I^^ and C^  in the presence 
of these compounds brings out the better 
performance of MDPO. 
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Improvement in Corrosion Inhibitive Performance of 
Thiobisformamidine Derivatives in Presence of Iodide Ions in 
5N Hot Hydrochloric Acid 
M.A. Quraishi* , Jaya Rawat and Mohammad Ajmal 
Corrosion Research Laboratory, Dept. of Applied Chemistr/, 
Faculty of Engineering and Technology, Aligarh Muslim University, Aligarh (U.P)-202 002. 
ABSTRACT 
The corrosion inhibitive performance of four substituted thioamidines on mild steel in SN hot Hcl was studied by weight 
loss method and polarization studies. The corrosion rate (CR) and inhibition efficiencies (IB) of all the tested compounds 
were determined at IS'C, AVC and 70'C for 24,3 and 0.5 hour. The addition of KI significantly Improved the Inhibition 
efficiency of all compounds at all temperatures due to synergism. 
The patentiodynamic polarization studies revealed that all the thioamldines art mixed type Inhibitors. The phenomenon 
of synergism is also confirmed by this study. All compounds obeyed Temkln's adsorption Isotherm. 
INTRODUCTION 
The corrosion inhibitors are widely used for pickling 
treatments, acid cleaning and oil well acidizing to 
minimize the corrosive attacks caused by the 
aggressiveness of hydrochloric acid solutions [1-3]. A 
few classes of organic compounds have been studied 
as corrosion inhibitors in hot and cone, hydrochloric acid 
[ 4 -6 ] . In the continuation of our work on the 
development of corrosion inhibitors for acid medium 
[7-10] we have synthesized four thiobisformamidines 
viz:- phenyl thiobisformamidine, tolyl thiobisformamidine 
anisidyl thiobisformamidine and 4-chlorophenyl 
thiobisformamidine to study their inhibiting properties 
on corrosion of mild steel in hydrochloric acid. The 
selection ot' these compounds as corrosion inhibitors is 
based on the fact that these compounds contain lone 
pair of electrons on nitrogen and sulphur atoms through 
which they can adsorb readily on the metal surface. In 
addition to this they ar? readily soluble in acid solution 
and have low toxicity [11]. 
EXPERIMENTAL METHODS 
Materials and Test Solutions; 
The mild 5:teel strips having chemical composition 
C = Q.H°/i, Si = 0.17%, Mn = 0.35%, P = 0.3%, 
S = 0.025% and remainder Fe were used for a(f 
experimental testings. Steel strips of 2 x 2 x 0.025cm 
were used for weight loss measurements whereas for 
potentiodyr amic polarization strips with an exposed area 
of i c m ' Wire used. The electrodes were polished 
successively with emery papers of 1/0, 2/0, 3/0, and 
4/0 grade and degreased with trichloroethylene. 
A.R. grade hydrochloric acid was used for preparing 
solutions. Double distilled water was used to prepare 
solutions of hydrochloric acid for all the experiments. 
The synthesis of thiobisformamidines v^s done in the 
laboratory following the general procedure reported 
elsewhere [12] and the purity was ascertained by IR 
spectral studies and TLC. The molecular structure of 
thiobisformamidines are given Figure 1. 
Fig. 1 TemkJn's adsorption isotherm plots for mild steel in 5N HO 
containing different concentrations of sut)stituted 
thiobisformamidines. 1 . CPTBF, 2. ATBF, 3. TTBF, e,. BTS & 5. PTB? 
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Table - 1 Name and Molecular structures of the inhibitors 
S.NO. DESIGNATION STRUCTURAL FORMULA ABBREVIATION 
Pheny l T h i o b i t f o r m -
a m i d i n r <0>—-c- S - C - N H 2 II 
NH NH 
2 " ' ' ° ' ^ ' H iC-ZOV-NH- C-S-C-NH2 
T h i o b l j f o r m a m l d i n * •* V _ / | | II 
NH NH 
P T B F 
T T B F 
A n i s i d y I 
ThlobisformomidlnB HaCO-foV-N H--C-S-C - N H2 
NH NH 
ATBF 
4 - Chlorophtnyt 
T h i o b n f or mamld ine ^ ' \OV-NH-C-S-C-NH2 
\ f II II 
NH NH 
CPTBF 
METHODS 
Weight loss measurements were earned out as descnbed 
in literature [13,14]. The inhibition efficiency and 
corrosion rate was calculated from the weight loss values 
obtained in the presence and absence of the inhibitor 
at the definite and known time intervals. 
PotentJodynarnic polanzabon studies were carried out 
using EG & G PARC Potentiostat/galvanostat (model-
173), universal programmer (model-175) and with X-Y 
recorder (model RE 0089). A cell assembly having 
platinum as auxiliary electrode, saturated calomel 
electrode (SCE) as reference electrode and mild steel 
strips as working electrode were used for the 
experiments. 
EXPERIMENTAL RESULTS AND DISCUSSION ; 
Weight Loss Measurements : 
Table 2, 3 and 4 give the values of inhibition efficiency 
(IE) and corrosion rate (Q^) obtained from weight loss 
measure-nents m 5N HO at 25-C, 40'=C and 70^C for 24, 
3 and 0.5 hour respectively. The results clearly sho.v 
that all the thiobisformamidine derivatives aa as efficient 
corrosion inhibitors at room temperature as well as at 
40°C and 70°C. The_se compounds exhibit their maximum 
IE at concentration of 1000 ppm and at 25°C, 40°C and 
3000 ppm at 70=C 
Table - I I CofTOSwn parameters obtained from w3ight loss 
measurements for mild steel in 5N HQ containing different 
concentratwns of substituted thiobisformamidines 
at 40°C for 3 hours 
Coot 
(PPoi) 
5NHa 
:oo 
300 
500 
700 
ICOO 
crray 
E 
(V.) 
-
74 1 
79.9 
89 1 
94 1 
911 
CH 
(nunpr) 
1)940 
MIO 
2100 
liJO 
I2& 
2M 
ATBF 
IE 
(•A) 
• 
711 
717 
!6 4 
912 
97 1 
CR 
(anW) 
139 40 
3! 90 
29 20 
1J90 
12 20 
904 
TTBF 
E 
(V.) 
-
65 1 
715 
S2 1 
J9 1 
95 4 
CR 
(miHijf) 
139 JO 
4180 
39 60 
25 OO 
15 10 
126 
PTBF 
DE 
(V.) 
-
54 7 
63 1 
78 5 
81 1 
94 1 
a» 
(n"f?) 
139 40 
63 00 
5i50 
29 90 
19 30 
126 
Table - I I I Corrosion parameters obtained from weight loss 
measurements fof mild steel in SN HQ containing different 
ccncentraixins of substituted thiobisformamidines 
at 25=Cfor 24 hours 
Cooc 
tpp™) 
S .NUG 
300 
SCO 
700 
ICCO 
CrTBf 
IE 
(%) 
!3 5 
166 
% J 
9 ! : 
CR 
(nuopy) 
3111 
!60 
•" . "J 
• i c j 
ODO 
ATBF 
CC 
(^i) 
SOJ 
S5 1 
95 1 
97 9 
CR 
(mmpy) 
3 ) 8 1 
666 
iOt 
167 
on 
T T B F 
E CR 
(V.) (omip)) 
3)81 
77 9 7 57 
83 1 5 73 
93 0 216 
96 9 102 
PTBF 
E CR 
(V.) (mmp) 
3)81 
76 7 7 87 
87 2 4)3 
914 2 93 
95 1 1 67 
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Table - IV Corrosion parameters obtained from weight (oss 
measurements for mild steel in 5N HO containir^ different 
concentrations of sut)Stitutecl tfiiobis formamidmes 
at 7 0 K : <of 0 S t%ouvs 
20^ 
loll 
0>M 
(ppm) 
5N HCI 
srif, 
ICIOO 
liOO 
2000 
3000 
cnsT 
I 
('/.) 
JQI 
5DI 
57 1 
61 1 
70 2 
CR 
(ouopvl 
1366 2 
90) 7 
7<9 7 
« i3 l 
<t<7 
454 2 
ATBF 
n; 
{•^) 
37 6 
49J 
52 2 
51 1 
70 1 
CR 
(tmnpj) 
U66 2 
950 1 
773 7 
72J3 
63t6 
455 4 
TTBf 
H 
(V.) 
31 6 
*^ 5 
52 7 
57 6 
67.7 
O t 
(tmjipy) 
1366 2 
Ift4l 2 
(45 6 
720 6 
645 3 
492 4 
rrar 
IE 
CM 
31 3 
42 7 
52 2 
601 
601 
CR 
< W B ) 
1366 2 
1045 6 
173 9 
72i3 
6063 
597J 
showing that the phenomenon of synergism is existing 
between thiobisformamidmes and iodide ions 
Table - V Inhibition of efficiencies of substituted thiobisformamiO.nos 
obtained from weigfit loss measurements in absence and presence 
of KI at different temperatures 
The values of IE were found to depend on the molecular 
stnjcture of the investigated compounds. The inhibition 
efficiency of these compounds has been found to be in 
the following order :-
CPTBF > ATBF > TBF > PTBF 
Among these compounds chioroderivative showed 
highest IE which may be attributed to the fact that Its 
dipole moment is more than that of other compounds. 
Simialowska et. al. [15] and Gad Allah & co-workers 
[ 16] have also found chloroaminopyrazole to give better 
IE than their corresponding parent compounds. The 
better performance of methoxy derivative (ATBF) than 
methyl substituted thiobisformanidine (TTBF) can be 
explained on the basis of "Pearson's hard and soft add 
base principle" (HSAB) [17,18]. Methoxy derivative bang 
a hard base forms a strong bond with ferrous and ferric 
ions which leads to more adsorption and Inhibition. 
In case of methyl substituted thiobisformarnidine, the 
inouctive effect of methyl group makes nitrogen centre 
a softer base so ferrous and ferric ions form a weak. 
bond with soft base. This leads to its lesser adsorption 
and inhibition than methoxy derivative. 
Figure 1 shows that the plots e Vs log C are straight 
lines in 5N HQ for all substituted thiobisformamidines 
suggesting that adsorption of these compounds on the 
metal surface follows Temkin's adsorption isotherm. 
Table 5 shows the values of inhibition efficiency of all 
compounds in combination with KI at all temperatures. 
The results show that addition of small amount of KI 
improves the IE of all the thiobisamidines significantly 
due to synergism [ I 9 j . The S, value (Synergistic 
parameter) for all the compounds were calculated by 
using the Aramaki and Hackerman relationship [20] and 
S values obtained for all the thiobisamidines in 5N Hcl 
(Table 6) are found to be more than unity, thereby 
Tofxnlirr 
Diritxi 
Sjllta 
CTTBF 
mF 
rrBF 
mF 
i i h i 
CllK. 
(««) 
J« 
MO 
soo 
soo 
SCO 
M 
5CC 
m 
300 
xx 
sw 
»} 
100 
KM 
xo 
Ml 
IS'C 
Uiein 
U 
C.K 
(^ 1 
Q0> 
00! 
m 
cm 
w 
• 
CM 
WS 
005 
c 
M 
Ui 
K< 
lit 
m 
Ki 
m 
(51 
fcj 
719 
147 
111 
fU 
HI 
139 
r j 
HI 
IlkL 
ClK 
iff] 
w 
w 
7X 
703 
•yx) 
w 
TOO 
TO 
w 
w 
TO 
TO 
300 
W 
TO 
700 
tn 
] k o . n 
H 
Cut 
CM 
•OK 
OIC 
OIO 
010 
010 
010 
aio 
c 
(^ 1 
ni 
i)i 
u\ 
%i 
i n 
r.) 
9U 
95J 
IIJ 
9a) 
Bl 
in 
v>\ 
Ui 
III 
9): 
l iK . 
C..< 
(^) 
lOOC 
1000 
W3 
MCfl 
lOM 
lOCO 
nx 
20« 
ICCO 
\ox 
ixa 
XOD 
IMS 
1000 
xoo 
NX 
ire 
IS^f.' 
« 
C.K 
Cf-) 
Oi5 
•Ui 
OJi 
on 
0i5 
• 
m 
OJS 
0J5 
1 
t 
(M 1 
501 
ill 
a i 
TJI 
tii 
%-\ 
m 
Tli 
Hi 
iiJ 
Sli 
»» 
<21 
!)7 
iCI 
U.l 
Table - VI Parameters of different subsbtuted thiobisfof mamidines 
obtained in 5N HO at WK: 
lihLCtic 
(ppm) 
500 
ICO 
CITOF 
327 
134 
ATBF 
169 
tJ9 
TTBF 
212 
1.31 
mF 
2.51 
IW 
POTENHODYNAMIC POLARIZATION STUDIES : 
Figure 2a - 5a show the Tafel plots obtained for all 
thiobisformarnidine derivatives in SN HO. The 
electrochemical parameters such as corrosion current 
density ( ! „ „ ) , corrosion potential ( E ^ ) , Tafel slope 
constants (b^ and b,) and Inhibition efficiency (IE) are 
given in Table 7. It is evident from the results that I 
ay 
values decrease considerably in presence of different 
concentrations of inhibitors and maximum deaease in 
I ^ value is obtained at optimum inhibitor concentration 
of 1000 ppm in 5N HO. E ^ , b^ and b, values do not 
show significant change in presence of these compounds. 
These observations dearly show that the inhibition of 
corrosion is under mixed control. 
J cleclrochem Soc Indts C E C $ I Bsngac 
20F 
"^p^overnent m Corrosion 
300 
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Fig. 2 PotenDodynamJc polarization curves tot miW ste«l 
cofitaming different concentrabon ot CPTBF |n 
a. SN HCI : 1 Elank 2. 300 ppm 3. 5C.1 ppm 
4, 700 ppm 5. lOOO ppm 
b. 5N Ha : 1. Blank 2. SN HO + W 3.500 ppm + Kl 
4. 700 ppm + K] 
Fig. 4 Potenbodynamic polarization curves for mild steel 
containing l i fe ren t coricentrabon of TTBF in 
3. Srf HO : 1 Blank 2. 300 ppm 3. 500 ppm 
4, 700 ppm 5. 1000 ppm 
b. 5N HCcI : 1, Blank 2. SN HO + KJ 3.500 ppm + KI 
4. 700 ppm + Kl 
- 300 
- t o o . 
S -500. 
•A 
> - 600-
- too 
1 , , • ^ N O \ ^ 
5 
(•) 
\ 1 
SOOH 
- SOO-4 SOOH 
C u r r e n t d « n i i t y p A cr 
10^ { ^o' ' ^o' 
C u m n t dens i ty JJ A c 
10 iO 
2 
Fig. 3 lotenDodynamic polarization curves for mild steel 
Qintaining different concentration of AT8F in 
a 5N hO ; 1 Blank 2. 300 ppm 3. 500 ppm 
4. 700 ppm S. 1000 ppm 
b SN HO • 1. Blank 2. SN HO + KJ 3.S00 ppm + Kl 
4 700 ppm + Kl 
Fig. 5 PotenDodynamic polarizabon curves for m i^d stec 
containing different concentration of PTBf lO 
a. SN HO • 1 Blank 2. 300 ppm 3. SCO ppm 
4. 700 ppm S. 1000 ppm 
b SN HO : 1. Blank 2. SN HC I + Kl 3 SCO ppm » K\ 
4 700 ppm + Kl 
J E'oa.'ccnem Sx :ndij 
-l-J 2 iJOOO) 
20S 
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Table - V I I Potentiodyrvamic electrochemical porameters for mikd 
sleel in SN HO containing different concentrations of substituted 
tn.oOisfofmamidines at 3S'C 
bhibuor 
Cooc«(ntio!i 
(ppm) 
SNHO 
CTTbF 
300 
500 
700 
1000 
ATBF 
300 
500 
700 
1000 
TTBF 
300 
500 
700 
1000 
fTBF 
300 
500 
700 
1000 
1_ 
« l \ ' 
503 
350 
2)0 
IH 
770 
5O0 
2« 
230 
500 
5«1 
HO 
370 
JOO 
580 
560 
300 
•520 
•524 
•526 
•522 
•52< 
•511 
•522 
•511 
•52< 
•in 
•524 
•526 
•521 
•524 
-522 
-52S 
•526 
(raviior^) 
130 
il5 
120 
110 
no 
120 
150 
125 
120 
130 
120 
no 
120 
120 
110 
120 
120 
(mviiV') 
10 
50 
60 
60 
60 
54 
54 
54 
50 
60 
60 
50 
60 
60 
50 
60 
6C 
E 
81.50 
9125 
94.25 
95 25 
8100 
17.50 
WOO 
W2S 
77.50 
I7 i0 
J6i0 
90.75 
80.00 
15.50 
86.00 
92i0 
Table 8 gives the values of electrcxrhemicai parameters 
for mild steel in 5N HCI containing different 
concentrations of thiobisformamidines in absence & 
presence of KI and Fig. 2b-5b show the eiectrochemicai 
polarizaion behaviour of mild steel in absence &. presence 
of KI and thiobisformamidines. The results supports that 
there exists synergism between thiobisfonmamidines and 
iodide ions. 
Mechanism of corrosion inhibition: 
The plausible mechanism of corrosion inhibition of mild 
steel in 5N HCI may be explained on the basis of 
adsorption. In acid solutions thiobisformamidines exist 
as protonated species, which can adsorb on the cathodic 
sites of mild steel and decrease the evolution of 
hydrogen. The adsorption of these compounds on anodic 
sites through lone pairs of electrons of nitrogen and n 
electrons of benzene ring may decrease anodic 
dissolution of mild steel. 
CONCLUSIONS 
1. All thiobisformamidine derivatives act as efficient 
corrosion inhibitors in 5N Hcl at all temperatures. 
Table - V I U PotentiOdynamic electrochemical pdrarrveters for mua 
Steel in 5N HQ containing different corxentraboos of sut>sti;ute<; 
thiobisformamidines witti and without KJ at 3S°C 
UM.Ca«c. 
(fpa) 
3N HCI 
CPTBF 
500 
$00 
700 
700 
ATBF 
SCO 
500 
700 
700 
TTBf 
500 
500 
700 
700 
fTBF 
500 
500 
700 
700 
KI 
Coac 
~ 
~ 
0J5 
-
0 73 
-
0.25 
— 
0 2.^  
— 
0.25 
— 
075 
— 
0J5 
— 
0J5 
1 _ 
(JLKJ**I 
tooo 
350 
220 
3 JO 
200 
500 
2J0 
2*0 
220 
500 
310 
540 
J40 
5M 
4 SO 
560 
340 
t 
(••V) 
-520 
-526 
-526 
•522 
-524 
•522 
•526 
•511 
-521 
-524 
-522 
•526 
-524 
-522 
-520 
-521 
-524 
b 
• • 
lyi 
120 
120 
l l j 
IJO 
110 
120 
125 
120 
120 
no 
no 
120 
no 
120 
120 
120 
h 
(mvdtc-') 
. 0 
60 
50 
60 
60 
U 
70 
U 
60 
60 
60 
SO 
60 
50 
55 
60 
50 
a 
{•>•) 
-
91 25 
SW50 
95 35 
9S0IJ 
J7 50 
SMJJ5 
SK K 
•X 5C 
I7.JD 
M . 5 0 
16.SO 
91 .00 
»3.50 
U.OC 
16.00 
91.50 
2. CPTBF has shown best performance among all 
studied thioamidines. 
3. Addition of iodide ions to different concentrations 
of inhibitors inaeased the inhibition efficiency at all 
temperatures, values of Si more than unity confirmed 
the phenomenon of synergism. 
4. Adsorption of these compounds on mild steel obeyed 
Temkin's adsorption isotherm. 
5. Potentiodynamic polarization studies have re/ealed 
the mixed nature of inhibition in presence of 
thiobisformamidines. 
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Keywords 
Corrosion inhibitors Mild steel 
The influence of 4 amino-5 mercapto-E n-propyl-1-2-4-
triazole (AMPT) on corrosion and hydrogen permeation 
through mild steel m 0 5M H2SO4 and IM HCI has been 
studied using weight loss measurements and various 
electtochen;iical techniques AMPT is found to be more 
inhibitive in H^ SO.: man in HCI Potentiodynamic 
polarisation studies clearly prove the fact that this 
compound behaves as a mixed inhibitor, but 
predominantly as a cathodic inhibitor hydrogen 
permeation studies and AC impedance measurements 
also indicate an improved performance of the compound 
in H^SOa The adsorption of this compound on the mild 
steel surface obeys Temkin's adsorption isotherm 
llectronic access. 
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I n t r o d u c t i o n 
Oii;.inic compounds containing nitrot'en 
ospccully heterocyclic compounds, h^nc been 
proved to perfoim as veiA good inhibitors for 
the corrosion of metals in acidic solution 
(Zucchi and Trabanelli, 1990, Subramanian 
Li ill , 1990, Granese t'f a/ , 1 992, RaRhe\ a cr 
ol , 1992, Stupnic-Lisac ana HutOMc 1Q<^ 3) 
\/oles ha'.e been reported to be e\tc len 
corrosion inhibitors for the corrosion of mild 
steel in acidic solutions But ver\ feu studies 
h i\ e been reported on ilie mfluciiLL of a7o!es 
on ludroetii pernu.iiion if' urh sic < I 
substrate durint; picklinc ^ ci'od eonosio'^ 
inliibiior should have a \erA hii^h corrisiop 
inhibition efficicncv and should al^o be abie 
to minimise the ingicss of h diotttii into n e 
metal 5ome organic compounds give ven. 
hii^h N'alues of inhibition efricienc\, but have a 
\e i \ neghgiblc influence in reducing the 
permeation of hydrogen through the metal 
and vice versa In a previous publication 
(Murahdharan ci al, 1993) vve sviuhesizec a 
tnazole derivative namelv 4-amino-5-
mcrcapto-3-mcLhyl-l, 2,4 tna/ole (AMMT) 
which was found to be very effective both in 
inhibiting corrosion and in bnnging down 
hydrogen permeation through mild steel 
In the present study a tnazole derivative of 
similar structure to A M M T , but having a 
larger molecular area, namelv l-amino 5-
mercapto-3-n-propyl-1,2,4 tna/ole (AN\PT^ 
has been investigated for eNamining lu 
efficacy as an inhibitor for the conosioti of 
mild steel in acidic solutions using weight loss 
measurements and a few DC and AC 
techniques. The effect of this compound of 
hydrogen permeation through mild steel has 
also been studied 
Experimental 
Mater ia l 
Mild steel specimens of the composition 
C = 0.07 per cent, P = 0 OS per cent, Si - Kil, 
Mn = 0.34 per cent and Fe remainder and of 
size 5 x 2 x 0 025cm were used for vi.eight 
loss and hydrogen permeation studies A mi'd 
steel rod of the same composition as above 
and embedded in araldite resin with an 
exposed area of 0 283cm" was used for 
potentiodynainic and At~ impcdanc-
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measurements Specmiens were polished 
mechanically and then successively with 
different grades of emer\' papers They were 
successiveh degreased with tr ichloroeth\le-e 
before use 
The compound 4-amino-5-mercapto-3n-
propyl-l-2-4-tnazole (AMPT) was 
synthesised in the laboratory following the 
procedure reported in the literature (Dhaka a 
al, 1974) Aggressive solutions used were 
made from AR grade H2SO4 and HCl ana 
appropnate concentrations of the acid were 
prepared using tnply distilled water. 
M e t h o d s 
Weight loss expenments were earned out as 
descnbed in an earlier publication (Mathur 
and Vasudevan, 1982). Both anodic and 
cathodic polarisation curves were recordea 
potentiodvTiamically ( I m V s"') using 
corrosion measurement system, BAS Moae l . 
100 A computerised electrochemical anaK^er 
(made in West Lafayette, Indiana) and PL-10 
digital plotter (DMP-40 series, Houston 
Instruments Division). A platinum foil, H g 
Hg.SO^ 0 5M H2SO4 and HgyTIgzClz/lM 
HCl were used as auxiliary and reference 
electrodes respectiveh. T h e h\drogen 
permeation study was carried out using ax: 
adaptation of Denanathan and Stachurskn 5 
r\^  o-compartment cell as descnbed elsev^here 
(.Murahdharan ei al., 1995) H\drogen 
permeation currents were obtained in bo!_-
ihe absence and the presence of the 
compound Double la\er capacitance (C^ 
and charge transfer resistance (R^t)j were 
obtained using AC impedance measuremci t 
as descnbed in an earlier publication 
(Rengamani d al, 1994) 
Results and discussion 
Weight loss m e a s u r e m e n t s 
Table I gives the values of inhibition 
efficiencv for different concentrations of 
AiMPT both in I M HCl and 0 5.V1 H 2 S O . It 
IS observed that this compound inhibits tr.e 
corrosion of mild steel in both the acids, r u t 
more effectively in 0 5.\i HiSO^ As the 
compound contains more than one onenting 
group ( -XHo, - S H ) , it can be considerec 3s 
an ambiodic molecule and us adsorption 
IcTds to better corrosion inhibition I his 
cunipiujiid id\(Mbs on t))L ni^nl owmi; ti 
20° Anti CorrosioT Milhods ind Molci is 
Volume 47 Nu btr 6 JOOO 3S1 j j b 
Table I Inhibition efficiencies (percentage) for different 
concentrations of AMPT for the inhibition of corrosion of 
mild steel in I M HCl and 0 5M H2SO4 
Inhibitor 
(mM) 
2 
5 
10 
20 
30 
cone Inhibition 
0 5M H2S0j 
80 3 
84 9 
86 0 
87 2 
88 2 
efficiency (°o) 
I M HCl 
68 1 
71 4 
77 1 
81 7 
85 1 
interaction between lone pairs of 
electrons of sulphur and nitrogen atoms 
present in the organic compound and the 
metal surface 
interaction between pi-electrons of the 
triazole nng and the metal surface, and 
electrostatic interaction between the 
protonated species of the molecule 
formed in acidic solutions and metal 
surface. The propyl group in the 
molecule, being electron releasing (+1 
effect) increases the charge density at the 
centre of adsorption and increases the 
adsorption of the compound on the metal 
surface 
Table II gives the values of corrosion kinetic 
parameters such as Tafel slopes (be and b^), 
corrosion current (Icon) ^^"^ corrosion 
potential (E^orr) obtained from 
potentiodynamic polarisation studies on mild 
steel in both the acids in the absence and 
presence of different concentrations of 
A M P T Values of Econ- foi" m'''^ steel in both 
the acids become less negative with increase 
in the concentration of the compound This 
observation indicates the strong adsorption of 
A M P T on the metal surface, thereby bringing 
down corrosion Values of both be and ba 
increase while increase in the value of h^ is 
considerably more than that for ba, thereby 
showing that the inhibition of corrosion of 
mild steel in both the acids is under 
mixed control, but predominantly under 
cathodic control Values of Icorr also 
decrease considerably in the presence of 
different concentrations of the inhibitor, but 
more effectively in 0 5M H2SO4 The better 
performance of A M P T in H2SO4 can be 
at tnbuted to the difference in the 
aggressiveness of anions present in the acids 
It can also be due to the difference in the 
extent of adsorption of chloride and sulphate 
ions (Monl id ln ran tf nl , 19<)3) 
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Table (I Co'fo^ion kinetic pafameters for mild steel in 0 5M H.-SOj and IM HCI in the absence and ptc ence of 
different concentrations of AMPT 
0,5M HjSOa 1MHCI 
Inhibitor concn. E^o,, b^ l^ of, IE. E^o,, b^  !„„ IE 
(Mv) mV b, mV/dec mA/cm^ (%) mV b, mV/dec mA/cm' (%) 
Blank 
2 
5 
10 
-910 
-895 
-885 
-883 
130 
140 
165 
185 
80 
84 
88 
90 
1.68 
0 46 
0 30 
0.28 
-
85 
88 
90 
-515 
-509 
-503 
-498 
120 
145 
148 
152 
60 
63 
65 
68 
2 02 
0 6£ 
0 60 
0 4& 
-
66 3 
70 3 
76 2 
Surface co\'crage (0) values h;nc been 
obtained from the values of inhibition 
efficiency for different concentrations of 
AMPT. It can be seen from Figure 1 that a 
plot of log C vs <? of the compound gives a 
straight line for both the acids. This 
observation clearly brings out the fact that the 
adsorption of AMPT on the metal surface 
from both the acids obeys Temkin's 
adsorption isotherm (Muraiidharan ci ai, 
1995). Impedance diagrams obtained for the 
frequency range lOOMHz to 60kHz at the 
open circuit potential for mild steel in both 
the acids in the absence and presence of 
A M P T are shown in Figures 2 and 3. 
Impedance parameters such as K^„ Qa\ ^rid 
Icon- 3fe derived from Nyquist plots as 
described elsewhere (Muraiidharan ei al., 
1995) and are given in Table III. It can be 
seen from this Table that an increase in the 
concentration of AMPT decreases both \^„„ 
and Cd). This observation indicates the 
adsorption of the compound on the metal 
surface leading to a decrease in Cji and Icon-
values. 
ure 1 Temkin adsorption isotherm plots 
0 90 
ceo 
0 70 
0 60 
0 so 
-
-
• ^—-"^ 
A ^ ^ ^ ^ 
1 
^ ^ A 
1 
A 
• -• 
K-A. 
1 
H,SO. , 
HCI 1 
1 
0 6 10 
LOG C 
12 
Figure 2 Impedance diagrams for mild steel m 0 5M 
HjSOj containing different concentrations of AMPT 
100 
so 
n 
-
-
( s ' I 
I 
1 
1 
1 
i 
0 100 200 
2 tohms) 
KeY 
O - O OSMH^O, alone 
10 mW AMPT 
300 
Figure 3 Impedance diagrams for mild steel in l.OM 
HCI containing different concentrations of AMPT 
120 leo iO 80 
Z (ohms) 
Key 
O - O l.OMHQ alone 
• - • 1 .OM HCI-t-2 mM AMPT 
A - A 1.CM HCI -(- SmMAMPT 
a - D I.OMHCl-t 10 mM AMPT 
Some differences are observed between the 
values of inhibition efficiency obtained by a 
non-electrochemical technique such as weight 
loss method and an electrochemical 
technique such as impedance method. This 
difference can be attributed to the fact that 
weight loss method gives average corrosion 
rates, while impedance method cues 
instantaneous corrosion rate This difTereii^e 
may be expected to anse, because of the 
difference in time required to foim ar. 
adsorbed layer of the orsanic compound, 
which blinds tiown corniMnn 
^• ;r> 
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Table III Imppdance parameters for mild s'eel in 0 5M HjSOj and 1M HCI in the absence and presence of different 
cone- ntrations of AMPT 
Inhibitor concn 
Blank 
2 
5 
10 
Rt 
<>.cm' 
6 36 
27 73 
52 35 
71 36 
0 5M H 
' co f r 
mA cm"^ 
3 39 
0 88 
0 76 
0 66 
2SO, 
c„ 
/(F cm'^ 
183 2 
164 5 
1500 
91 2 
1 E. 
(%) 
-
74 0 
77 6 
80 5 
R, 
S!cm^ 
4 98 
25 0 
39 0 
41 5 
1MHC1 
' co r r 
mA.cm"' 
39 
145 
1 38 
1 15 
Cdi 
/iF.cm"^ 
244 0 
163 7 
1448 
138 2 
1 E 
(%) 
-
62 0 
640 
70 5 
Hxdroccn permeation current vs time cur\es 
for mild steei in both the acids in the absence 
and presence of different concentrations 01 
.\,\1PT are shown in Figures 4 and 5 The 
permeation current for mild siee] in IM H O 
IS more than that for H2SO4, because of the 
more corrosne nature of chlonde ions. The 
presence of AAIPT in both the acids reduces 
the permeation current, but more eflectnelv 
in 0 5M H2S04 This can be attributed to the 
better performance of the compound in 
Figure 4 Permeation current versus time curves for mild 
stee) in 0 5M H^SOj containing concentrations of AMPT 
- 5 0 . 
- '0 
^3 
8 1? 
TIME m m 
- 5 m M A V P r 
- 10 mr.' A'/PT 
FiQure 5 =-'r-ifr- ^n current versus t'me curves for ^ d 
•-•11 ' " HC •laining l i ferent conccntranon^ -
Values of permeation current and 
percentage reduction in permeation current 
in the presence of different concentrations 
of the compound in both the acids are gnen 
in Table IV. It can be seen that the 
percentage reduction in permeation current 
IS more in H2SO4. A correlation exists 
between the values of inhibition efficiency 
and the percentage reduction in permeation 
current. 
Conclusion 
The main conclusions from the study are 
A M P T brings down the corrosion of mild 
steel m both the acids, but more 
effectively in H2SO4. 
The inhibition of corrosion of mild steei 
in both the acids by A M P T is under 
mixed control, but predominantly under 
cathodic control 
The compound inhibits corrosion b\ its 
strong adsorption on the metal surface 
The adsorption of AMPT on the metal 
surface from both the acids obeys 
Tcmkin's adsorption isotherm 
AMPT brings do«n the extent of 
hydrogen permeated through mild steel in 
both the acids, but more effectively in 
H2SO4 
Kty 
r -
• • 
I C 
1 : • 
1 "• 
-
-
-
T I M E m 
- 5 mM A f . ' H 
I D n f A ' - r l 
Table IV Value of hydrogen permeation current for the corrosion of 1 
steel in 0 5M H2SO4 and If^ HCI in the absence and presence of diff 
concentrations of AMPT 
InhTbltor 
cone 
(mM) 
Blank 
5 
10 
0 5M H^S04 
Permeation 
current 
(;rA) 
120 
56 
50 
% reduction 
in permeation 
current 
-
55 
58 
I M HCI 
Permeation 
current 
(/-A) 
23 0 
11 i 
10 & 
7o'reduc 
in perme 
currer 
-
51 
54 
557 
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Investigation of Some Macrocyclic Compounds as 
Corrosion Inhibitors of Mild Steel in Sulphuric Acid 
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ABSTR;!CT 
Three macrccyclic compounds produced by condensation of 
bcnzil and Ihiocarbohydrazide Ihiosemicarbazide or 
semicarbazide were synthesized a"d their influence on the 
corrosion of mild steel in sulphuric acid was studied by weight 
loss method and potentiodynamic polarization studies The 
inhibition efficiencies (IE) of the compounds varied with the 
nature and concentration of inhibitor temperature and 
concentration of the acid solutions The IE of all the compounds 
increased on the addition of Kl The potentiodynamic 
polarization studies revealed that the compounds are mixed 
type inhibitors All compounds obeyed Temkin s adsorption 
isotherm 
The corrosion inhibiting action of the macrocylic 
compounds is attributed to their fascinating molecular 
structure These molecules are adsorbed on the metal 
surface through -[]- elections or non bonding electrons 
present m these molecules In addit'on to these structural 
feature plananiy of these molecules further facilitates 
the formation of strong bond between metal and 
macrocyclic molecules [1 2] These observations led to 
the synthesis and evaluation of a few macrocyclic 
compounds as corrosion inhibitors [3 6] In continuation 
of our work on development of macrocyclic compounds 
[7 8] we report here the influence of three macrocyclic 
compounds namely (a) PTAT 2 3 9 10 telraphenyl6 
13 dithia 1 4 5 7 8 11 12 14 octaazacyclotetradeca 
13 68 10 13 hexane] [3 4 9 10 tetraphenyl - 7,12-
dithia 1 2 5 6 8 11 hexaazacyclobidecane -
2 4 78 10 12 hexane{PTAB) 34 9 10 tetraphenyl 
7 12 dioxa 12 5 6 8 11 hexaazacyclobidecane 
2 4 7 8 10 12 hexane) (POAB) on mild steel (MS) 
corrosion in presence of 1N 3N and 5N H SO 
EXPERIMENTAL 
The fVIS strips having chemical composition C=0 14% 
Si = C 17 = 0 Mn = 0 35°o P = 0 3% S = 0 025% and 
remainder Fe were used Strips of 2x2x0 025cm were 
Ubed for \Aeight loss measurements whereas for 
potentiodynamic polarization strips with an exposed 
area of Icm^ were used The electrodes were polished 
successively v/ith emery papers of 1/0 2/0 3/0 and 4/0 
grade and degreased with trichloroelhylene AR grade 
acid and double distilled water was used to prepare 
solutions Th>. synthesis of macrocyclic compounds was 
done in the laboratory following the procedure reported 
elsewhere [9J and characterized by IR spectrdl stu^ t 
and TLC Fig 1 shows the molecular structure c 
macrocyclic compounds used 
Fig 1 Molecular structures of macrocyclic compounds 
(a) PTAT (b) PTAB (C; POAB 
Weight loss measurements v^ere earned out a^ 
described in literature [10 11] The IE and corrosion rate 
was calculated from the weight loss values obtained in 
the presence and absence of the inhibitor at known lime 
intervals Potentiodynamic polarization studies were 
carried out using EG &G PARC Potentiostat/galvanosta 
(model 173) universal programmer (fv^odel 175) ano 
w'th X Y recorder (model RE 0089) A cell assembK 
having platinum as auxiliary electrode saturated calome 
electrode (SCE) as reference electrode and mild steel 
striDS as working electrode were used 
RESULTS AND DISCUSSION 
Weight Loss measurements 
The results show that IE increases as the concentratior 
of inhibitor increases Fig 2(a) The maximum efiicienc\ 
was found to be at 500 1000 and 2000 ppm m IN 3K 
and 5N H^SO respectively 
100 
100 300 500 
Inhi cone ( ppm ) 
Fig 2 Variation of Inhibitors efficiency with 
(a) Inhibitor concerntration (ppm) 
Electro I ^n I d i\lo A9 ^ { 2000 ) Ts 3-
21^1 
J5 Investigation of So.ne Macr'jc/c-i: Co"-rj^.unds 
The values of IE was found to depend on tne molecular 
structure PTAT stiowed best performance among them 
due to presence of 10 heteroatoms (8 nitrogen and 
2 sulphur) as reactive centers through v;hich it adsorbs 
on to the metal surface and gave an IE > 95°o m all 
acidic solutions It is reported that N and S containing 
compounds give better inhibition efficiency than those 
containing N and O atom [12], So PTAB (6 nitrogen and 
2 sulphur atoms) gives better inhibitive performance than 
POAB (6 nitrogen and 2 oxygen atoms) 
The IE of all the compounds does not show remarkable 
change as the acid concentration \ja(\/ from IN to 5N 
HjSO Fig. 2(b). The effect of temperature ranging from 
40-70 C in IN HjSO^ has been shown in Fig 2(c) The 
results clearly indicate that IE decreases with !ne 
increase in temperature. The variation of (E with 
immersion time in IN H,SO, has been shown in Fiq. 
2(d). It IS observed that IE increases with tne increase 
of immersion time. This observation indicates that the 
protective film formed on the metal surtaco bocon'OS 
almost nonporous which does not allow the Irequent acid 
attack. 
- 80 
• 
LU 
- 60 
iO 
^ ^ _ — . 
— 
""^^----^ ^.——* ^  
.... ^^^ 
^~'^—*^^^'^ ( b ) 
1 1 1 
1 3 5 
Acid cone. ( N ) 
Fig. 2. (b) Acid ConcerntralJon (N) 
100 
i.0 50 SO 70 
Te mp ( C) 
Fig. 2. (c)Tempreture (°C) 
2i. i.3 72 96 
T i m e ( fHours) 
Fig. 2. (d) Immersion period (Hours) 
1.PTAT 2. PTAB 3. POAB 
Synergism: 
The values of IE of all macrocyclic compounds with and 
without Kl are given in Table 1 It show enhancement in 
IE of all compounds in combination with Kl due to 
Synergism [13]. The synergistic parameter (S,) v/as 
calculated by using the relationship giving by Aramaki 
and Hackerman [14]. 
I, 
Where, 
I , = (I, + I ) - (I, U 
Table 1 : Inhibition efficiencies of macrocyclic compounds 
obtained from weight loss measurements in absence & 
presence of Kl in H^SO, 
Inhibition 
Concen. 
(ppm) 
I N 
' 0 0 
100 
^•00 
?00 
3N 
200 
2C0 
300 
300 
5N 
200 
200 
500 
500 
1 •<' 
• ( % ) 
' 
OJ 
03 
05 
( 05 
1 
f 
1 0 1 
1 ' 
I 0 1 
PTAT 
69 76 
92 40 
91 •" 
9 / 'JO 
63 /O 
89 ;•' 
70 IS 
96 IH 
77 bo 
90 89 
85 53 
96 6 / 
IE°o 
PTAB 
44 57 
ciD 56 
: • • ; ; . 
IM I 
33 7 1 
•3 =6 
18 17 
89 96 
51 08 
80 40 
64 01 
90 -15 
POAO 
?i m 
. 9 8 ) 
i i '. •' 
'^  1 . 
19 Oi 
1 : 
30 r-. 
86 4 , 
33 71 
77 48 
59 90 
39 :'j 
-
I Ele^liOL/'om Soc Inaia ( <' n 
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I = Inhibition efficiency of the anion 
I. = Inhibition efficiency of the cation 
I , j= Measured inhibition efficiency for the cation in 
combination with anion 
S| values given in Table 2 are more than unity thereby 
suggesting that the enhance inhibition efficiency caused 
by the addition of iodide ions to macrocyclic compounds 
IS due to synergistic effect It can be concluded that the 
iodide ion is initially adsorbed on the metal, Protonated 
macrocyclic compounds are then adsorbed by the 
coulombic attraction on the metal surface where iodide 
ions are previously adsorbed and thus increases the 
IE [15] 
Table 2 Synergic parameters Si for various concentrations 
of microcyclic compounds in 1N, 3N and 5N H^SO^ 
Inhibitor 
Concen 
(ppm) 
IN H SO 
100 ' 
200 
3NH.S0. 
200 ' 
300 
5NH SO^ 
200 • 
500 
PTAT 
1 05 
2 34 
1 19 
2 93 
1 01 
1 79 
PTAB 
1 01 
1 34 
1 07 
1 63 
1 03 
1 55 
POAB 
1 02 
1 53 
1 09 
1 78 
1 21 
1 57 
Absorption isotherm: 
The plots of e vs Log C are straight line m IN, 3N, 5N 
H.SO. [Fig 3(a-c)] suggesting that adsorption of these 
macrocyclic compounds follows Temkm's adsorption 
isotherm 
100 
e 60 -
100 
80 
60 
CO 
— 
~xy^ 
? 
1 
2 ^ 
3 
1 
0 
1 
o .^ 
1 
j V / 
• 
(c) 
2-3 2-6 2-9 
Loq C 
3-1 3-2 
Fig.3 Temkm's adsorption isotherm plots for mild steel in 
(a) IN H2S04,(b). 3N H2SO4C) 5N H2SO4 
1 PTAT 2. PTAB 3. POAB 
POTENTIODYNAIVIIC POLARIZATION STUDIES; 
The polarization behaviour of MS in IN, 3N and 5N 
HjSO^ in absence and presence of maximum 
concentration of inhibitors studied is shown in Fig 4-6 
respectively 
-)70 
; *70 
o 
«T0 
-
> - - ' 1 ^ ^ 
^ 
^'' 
"~^ ' 
2 - 0 2 - 2 1-U 2-8 
Fig 4 Potentiodynamic polarization curves for mild steel in 3N 
HjSO^ containing 500 ppm of macrocyclic compounds 
1 Blank 2 POAB 3 PTAB 4 PTAT 
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//Table - 3 Electrochemical corrosion parameters for different 
concentrations of macrocyclic compounds in IN -
5N H,SO,. 
i 4 
System 
concentration 
(ppm) 
PTAT 
Cvrr C»iT 
(^cm') (mv) (%) 
PTAB 
K E_ E 
Ctrr C M T 
POAB 
I F F 
IN n^SO, 
200 
300 
500 
380 
130 
98 
62 
-548 
-550 68.42 
-544 74.21 
-552 83.68 
380 
162 
150 
130 
-544 57.36 
-556 60.52 
-544 65.78 
380 
170 
158 
135 
-548 
-546 55 26 
-552 58 42 
-570 64 47 
3N HjSO, 
500 
700 
1000 
1500 
142 
135 
90 
-516 
-520 90.53 
-518 91.00 
-512 94 00 
1500 
170 
146 
110 
-516 
-520 
-505 
-496 
-
88 67 
90 27 
92 67 
1500 
185 
163 
135 
-516 
-524 
-516 
-525 
-
87 67 
89 13 
9100 
5N HjSO, 
5N H^SO^+KJ 
500 
1000 
2000 
50(HKI 
4650 
1280 
340 
220 
150 
130 
-508 
-500 72.47 
-518 9268 
-504 95.26 
-510 9677 
-518 97.20 
4650 
1280 
360 
280 
165 
146 
-508 
-500 72 47 
-516 92 25 
-514 93 97 
-526 96 45 
-528 96 86 
4650 
1280 
390 
265 
176 
154 
-508 
-500 72 47 
-512 9161 
-540 94 30 
-550 96 21 
-524 96 68 
>ioc 
CuwaEHT o E H i i r r 
c u a a t N I DC NS i » >.» t " ' 
Fig 5 Potentiodynamic polarization curves for mild steel in 3N Fig 6 Potentiodynamic polarization curves for mild steel m 5N 
HoSOj containing 1000 ppm of macrocyclic compounds H2SO4 containing 2000 ppm of macrocyclic compounds 
1 Blank 2 POAB 3 PTAB 4 PTAT 1 Blank 2 POAB 3 PTAB 4 PTAT 
J El c'rj > i m bic Indij 
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Electrochemical parameters, corrosion potential (B^^J 
and corrosion current density (I J, calculated from Tafel 
plots are given in Table 3 It is evident from (he results 
that I values decreases considerably in the presence 
CCrr ' 
of all compounds but maximum decrease in 1^ ^ value 
was observed at 500 1000 and 2000 ppm in °1N 3N 
and 5N H?SO. solution respectively E^ values obtained 
from the Tafel plots do not show any significant shitt 
this indicates that these macrocyclic compounds behave 
as mixed inhibitors [16] Further improvement in their IE 
was observed on addition of 0 25% Kl to acid solu' ion 
containing 500 ppm ol inhibitor this su^oor ted ' <" 
phenomenon of synergism (Fig -7 ) 
CunaCMT Otwl 
Fig 7 Potentiodynamic polarization curves for mild steel in 5N 
H2SO4 containing 500 ppm of macrocyclic compounds with 
and without Kl (0 25%) 
1 Blank 2 SN H2SO4 + Kl 3 POAB +KI 4 PTAB + Kl 
5 PTAT + Kl 
CONCLUSIONS: 
1 All of (he macrocyclic compounds behave as 
efficient corrosion inhibitors of MS in sulphuric 
acid solutions 
2 Inhibition efficiencies of these three compounds 
follow (he order - PTAT>PTAB>POAB 
3 Their inhibition efficiencies increase with (he 
immersion time and inhibitor concen(ra(ion whereas 
decrease with the increase of (emperature and 
acid concen(ration 
4 Enhancement in IE of all macrocyclic compounds 
IS caused on addition of Kl due (o synergism 
5 The adsorption of all compounds in 1 5 NH^SO^ 
follow Temkm s adsorption isotherm 
6 Inh ib i t ion of co r ros ion of MS in p resence c' 
all macrocvclic compounds is under mixed contro 
in 1 5N H SO 
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TBiioaiiiidines as novel c lass of corrosion 
inhibitors 
M. AJWIAL 
J . FIAIA/AT 
M. A. QURAISHI 
/mil iiidinjc 11 sii/is(iiiik(/ (/ui(/)is/(JHiuiiiH(/iiic"; ~ plM'ii\l (/iio/jis/driiKimu/int s ( I' I lU ) tot [I 
ihuihisjoiinciinidiiic^ (llBr) aiusuhl iliiohnfornuimidine'; ( ATHl} and 4 </i/oro/i/u m / 
ihiiihtsioinidnudiiics (Cl'l liT) - \\eie •i\iUlicsi-^td aiul their coiro'iion iiiluhittin; lieliaiiour 
/ill »ii/(/ •;(<.'('/ Ill IM ^M and SAf HCl no'? fliidicd The opiununi (oi\> uuiiition of lln 
(diniioiinds fai ina\iniuin inluhtlion c/liiic'n(\ was dcUnmn(d h\ wen,'/)/ /oss n\ilh()ds 1 ' 
(IK mu'Mii^aud ihndnsjoiinainidincs f^aic moic than 9"^'/ inhil'ihuimi lln pnsnui at Mf 
lie I a id C I'l HI sliowid the Iwil inluhition efiuiein v (9H •: in '<M NCI) I'au nli(id\naii: 
/!i(/(iMs i/i();i s/»(/i("i re I uiled tluit all the tested lompounds an of mixed iiiliihnor l\ pc 7 / . 
adsoiptum oj ihese ioinpininds from the acid solution obeyed 7 fiiifviii s adsorpinni isoi/unn 
All thi inhilnlors l u i e able to reduce h\drogen permeation thr<nigh the steil suijace and 
then pel J oi mam e was (nhanied by the addition of iodide ion<: Electron inipc dance spu in 
Siopu iludus \nie alio carried out m order to understand the mcdninisin of inhihilu i 
Aiiiiii ..Uitnin spu iios(opii anal\ sis ionjinned that the adsoipiion of these lompounds on 
tin sui\i(( oj tin mild steel oicurs tliioui;h nitrogen and sulpliur atoms 
7 (R im(/ii)i s (111 111 the Coirosiiiii Reseanh I aborotoi), Dcpnrimcnl of \pplu d { licDiisfi 
/ ii( ii//j (i/ / ni;iiieerinii and 1 echiiolof^v, Alii^aih Muslim Unn ersit\ Aligarh ( L I') 202002 
India I •laniisi iipt reiened 3 September 1998, accepted 9 April 1999 
' ' t'l<)'> f<i \ ( ( rpnilllKiiii illnins I III 
INTRODUCTION 
A conbidcrabic ainounl of iiilcicsl li.is '-'•en gcriLM.ilL'd in 
the study of orjiinic comjioLiiids as coirosion iiiliibitors 
owing to llicir usi-fnlncss in several indns'ries during the 
pickling of met il cleaning of boilcis acidilicalion of oil 
well",, elc ' Organ c compounds cont.lining bolli nilrogcn 
and sulphur atoms arc of particular inlcresl as the) gi\c 
better inhibition clhcicncies than those conlaimng nitrogen 
or sulphur alone ^ ^ Among these, lliiourca and its deriva-
tives have been i ucslig.ilcd ctcnsivclv •* " Schmitl ' lias 
reported (hat lliiouica deiualivcs .ire h gliK to\ic aiul 
indutc pLriiicalKin ol li^didpin iiilo llie nicl il (.ausing 
liydrogen embiilll •IIILIII lln-icfoie, the 'ise of ihcsc com-
pounds IS not sale 
To obviate these d i a u b i e f s OLIMISIU et al'" " have 
di.\(.Uipi,d .\ novel class o( lutioj'cn and sulphur conlauung 
liclcioe)cli(. coiioaoii inliiliilon and have ex.imined llieir 
inhibilive aelion in the coirosion of mild steel in acid 
med a All the Ics ctl compounds wcic fouiul to be dice 
live 111 mliibilmg I ic dillusion ol liydiogcii I'luuigh sled in 
acid . solulions 
In the pieseni iiiveslig ilion, llic mllucncc of four 
thiobisformanuthn; dc ina lue s on (he coriosion of mild 
steel 111 acid media has been studied I he sileetion of these 
compounds is b I'cd on Ihc f id Ih il ihcv aie adsoibcd 
re idilv on Ihc UKl il siiil icc lliiougli iiilioj'cii iiul sulphur 
.tloii s ihc l(>\icili ol these compounds is vciv hn \ ' - and 
the) arc rcadilj solul)le in acid solutions 
EXF'Er:iryErjT/vL 
Mater ia ls 
Ihc mikl steel Slips uscil in the c\ptiimciit.il work 
hid llie di i imci l ccunposiiioii {\s[ "'ii) Ic 0 MC OI7Si 
0 IsMn OOM' (10'sS I he wciuhl loss 11 ucmciUs ucrc 
e.iiiiid out iisiiie s l id sdips mcasniiiiL • 2x()2 '>cin 
V'.heicas the pnlcnluulMiamic pol iiis ilioii clecliochemicil 
imped,nice ,iiul li\ili<'"cn peiiucUion sli 'l were caiiied 
oiil on sled ship with ,lil ivposcd ,iici ol I ciiT Ihc 
spccniKus wcic pohslnd nuchuucd l s with cmcn pipcis 
01 1 ( 1 4 0 LI KIC ind dcmc isnl uitli li ichliii oclli \ ILIR 
I hiobisloi 111 IHIKIMK s uciL s lUhcsiscd (oilov iiu; (h^ 
I Kthods dcsci ihcd III ihc litii iliii '" iiul ucic di ii i etc used 
b) infrared spectroscopy H>drochloric acid of analytic d 
reagent gr.idc and triply distilled vvalcr were used for 
prep.iring Icsl solutions in 1M, 3M, and 'iM HCl I he 
generic structure of these inhibitors is 
N H , 
HN %.. 
where R represents C s H ; in the case of phenyl thiobisforma 
midines (PTliF) , C H j O C H , for aiiisidyl tliiobisform i 
inidmes (A! HI ), O . l l j C I I , for lolyl Ihiobisform iimdiiKs 
(I I 111 ). .iiid C,,lljCI for 4-elilorophenyl thiobislormi 
midines(C!MUb) 
Methods 
Weight loss measurements were cirricd ovit as desciibcd in 
the lilcraturc ''' Mild sled strip' were inuuerscd in 160 ml 
of inhibiled and unmhibitetl solulions .lecording lo (he 
AS I M sumdaid pr.tctiee for labor,Hors immersion cor 
losion lesting'^ for 3 h al 40 C in 1 'iM IIC I An .uldilion 
of 500 ppm of each inlnbilor was tested in IM HCl al 40 
50 60 ,ind 70 C for I h The optimum concenlralion of 
each inhibitor was then tested in IM HCl for 96 h at room 
temperature Inhibition clheiency values ,ind corrosion 
r,ites for these inhibitors were caleuLitcd using (he resiilis 
of (hcse wciglU loss s(udies 
I Icetrochenuea! potcntiodsn miic poliiis.iOon snidics 
were carried oti( using an I G<^G l ' \ K C |io(cn(ios( ii 
giK.inost,i( (model 175) .ind an x. i iccordcr (modu 
Rl 0(IS9) The cell assembly ccmsisted of a mild sled 
v\orking electrode, .i philinum foil counter elcUrotlc ,iiul i 
s Unrated c ilomel electrode (SCI ) as the icfciciice electrode 
All ex|ienmenls were performed at 1'i + 2 ( 
Altern.King current eleetncil imped inec iiic isuieiiieni 
weie kiscd to dclcinune Nvcpust plots foi i ihibitcd IM 
IKI siihidon ,\\n\ uninhibited solution ind iiihili 
itor cniciciicv V,lines weri. c\ iliMlcd iisiii)' in l ( u ^ ( i 
PARC elee(rochemie.il imped nice ,iii iKsci s\stem {modd 
M61I0) Willi M39S sollw.iie 111 accord nice wilh known 
p i f K C t U l l C S " 
llvdro"cii penile ilion suidics WUL c i n i d I il 
Iciiipcr itiiie of M) 4 2 C usin^ in ad ipt itioii of IX \ ii 
th m and S( iduirsLi s modilicd two eonijMi inieiU cdl ' '" 
??0 i i u l ! h ( i i iK I )n I n u n il '}')) 'J il i4 [Jo 3 
. () 7 0' 
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llNiIro en pcririL nion currciUs were TLH'"tli.d iisinu in 
\ \ i Kik.ulLfiki rtcordi,! jii IIIL piLstiKt iiid ihstiitL of 
lliL inliibilors in 1 M IK i 
\iii-tr ^Itclron spttli oscopit SUKIILI \'.(.IL L irmtl mil on 
inlubil*,!.! .md unmhibilcd mild bVi.i.1 spLtinn.n', vising i 
ViriHi CMA VI 112 nislriuiKnl Sp<.cinicnb WUL polished 
Using diirtrtnt grades oi eiiKry p.ipcr and iheii imnuricd 
in inhibited acid solution com uning 500 ppin CPIBF for 
111 iinscil Willi triply distilled water, ami diied at room 
temperature 1 hey >.\ere iheii placed in a fist enlry airloel. 
chamber mamlained at a vacuum of 10 " mbar After 
degassing, the specimens were transferred into the prep 
arilion chamber and kept there locig enough to ficihialc 
further degassing (hey \sere then introduced into the 
analyser chamber The area of interest u is selected by 
scd/ining clcclron microscopy usmg a 3 kcV beam current 
RESULTS A N D DISCUSSION 
Weight loss studies 
lal)lc I gives the values of inhibition etTicicncy (IL) and 
corrosion rale obtained from weight loss measiircmcnls for 
dillcrenl conceiUr.itlons of the four ihiobisloiin iiiiidinc 
compounds in I, 3, and 3M HCl The results show that an 
increase in inhibitor concentration resulted in increased 
inliibilion elFicicncy in all three acid solutions, but once the 
optmnim concentration of inhibitor was reached no further 
appreciable change in IL was found I he optimum 
concentrations for all of the inhibitors was 500, 700, and 
10(K)ppni in IM, 3M .ind 5M I I d solutums respectively 
The eirccl of inhibitor concentration on II in IM IICl is 
shown m Fig hi 
I lie values of IR were found lo depend on the molecular 
structure of the compound under investigation T he order 
of inhibilion ciriciency of the compounds was found to be 
C l ' T » F > A r » F > T T B F > P T B F Among these com-
pounds, the chloro derivative showed the highest IE, which 
may be attributed to the fact that its dipole moment is 
higher ihan that of ihe other compounds S/klarskd-
Smialowska and Kaminski" and Gad Allah el iil^° have 
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Variation in inhibition efficiency HE) with inhibitor 
concentration at 40 C m IIVI HCl concentration cf HCl 
containing tOOppm inhibitor at 40 C temperature n IM 
HCl containing 500ppin inhibitor anil iniinersion t me at 
room tumperaliirc (35 I 2 CI in M HCl cont lining 
500 ppm in)- tor 
also reportcel 111 it c l i l i ro numopy i i/i le gives b e t f r l b 
than Its corresponding parent eompou rd 
The better performance of mcthoxy derivatives (ATBF) 
compared with substuuled ihiobtsfonnamidines (TTBF) 
can be explained on the basis of the Peiison hard an J soft 
acid-base pr inciple ' ' -^ Ihe methoxy derivative, being a 
hard base, forms a strong bond wiih fer oiis and TerrK ions 
which leads lo more adsorption and ml ibition In the case 
Tab le 1 Corrosior* rate (CR) and inhibition efficiency (IE) values for thiobisformamicline derivatives 
obtained from weight loss studies on mild steel in HCl at 40 C for 3 h 
Inhibitor 
Doncenlralion 
ppm 
IM HCl 
0 
25 
50 
100 
200 
300 
400 
500 
3M HCl 
0 
100 
200 
300 
400 
500 
600 
700 
5M HCl 
0 
200 
300 
500 
700 
lOCO 
CPTBF 
IE, % 
80 10 
85 00 
88 90 
94 20 
96 10 
98 00 
99 40 
81 50 
86 80 
91 60 
94 10 
96 90 
97 90 
99 30 
74 10 
79 90 
89 00 
94 00 
98 10 
CR mm/year 
16 80 
3 34 
2 50 
1 85 
0 97 
0 65 
0 32 
0 09 
57 70 
10 60 
761 
4 82 
3 38 
1 76 
1 20 
0 37 
139 40 
36 10 
28 00 
15 30 
8 26 
2 61 
ATBF 
IE % 
74 30 
79 00 
86 10 
91 40 
94 40 
97 20 
99 10 
79 10 
86 10 
90 10 
92 50 
94 00 
93 40 
98 20 
72 00 
78 70 
86 40 
9 1 20 
97 10 
CR, mm/year 
16 80 
4 31 
3 52 
2 32 
1 43 
0 92 
0 46 
0 13 
57 70 
12 00 
7 98 
571 
4 31 
3 43 
2 04 
1 02 
139 40 
38 90 
29 20 
18 90 
12 20 
9 04 
TTBF 
IE % 
72 10 
77 90 
84 20 
90 00 
93 60 
96 10 
98 00 
76 30 
83 10 
88 10 
91 70 
92 60 
95 90 
97 10 
65 00 
71 50 
82 00 
89 10 
95 40 
Hr 
CR mm/year 
16 80 
4 69 
371 
2 64 
1 67 
1 30 
0 65 
0 32 
57 70 
13 60 
9 75 
6 82 
4 78 
4 2/ 
2 36 
1 0/ 
139 40 
48 80 
39 60 
25 00 
15 10 
8 26 
I st Ct rr 1 l( 
P11 F 
IE '/o 
71 20 
77 00 
8 0 
87 00 
92 50 
95 00 
_^ 
72 10 
79 60 
84 40 
86 10 
88 20 
91 00 
92 00 
54 70 
63 00 
78 50 
81 10 
9 I 00 
1 1 19)1 
CR mm/year 
16 80 
4 82 
3 85 
2 92 
2 18 
1 39 
1 25 
0 83 
-^57 70 
16 00 
11 70 
8 96 
7 98 
677 
5 T. 
4 50 
139 40 
63 00 
51 50 
29 90 
19 30 
H 26 
( i n rj ) 3 
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Ten^kin s ads^rfition i<iolhcrm plots for mild sled in a IM 
b 3M and c 5M HCI coiUammg thiobisformamidine 
compounds 
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Typical potentiodynamic polarisation curvas for mild steel 
in a 1M HCI containing 500 ppm thiobisformamidmes, b 3\1 
HCI containing 700 ppm thiobisformamidmes c 5M HCI 
containing WOO ppm thiobisformamidmes 
winch reduces attack by the acid and thus decreases 
h)dr(igcn cvolutuin 
I he \.ihics of II for speciiic coiiccniraliors of inliilnlor 
111 coinbm.uion wUli potassium iodide arc t^tvcn in l.ibk "" 
II- increases on the addition of iodide ions for all ihc 
compounds o\ving to synergism" The protonatcd thio 
bisformanudines and iodide ions are jointly adsorbed on 
Ihc metal surface, resulting in improved inhibition of the 
steel surf ice 
The plots in Pig 2 show that the surface coverage '' 
vanes linearly with log C in 1, 3, and 5M HC 1 suggesting 
of mclhyl subs iliilcil ihiobisliiiiii unKlincs the indiiclivc 
ellccl of the mclhyl gioup makes tl nitiogcn centre a 
softer base, wilh which ferrous and fjrric ions form a 
weaker bond 1 his ma) lead to Ics adsorption and 
inhibition than ivith mcthov\ der iva tnc 
The II of ihiobisformaniidincs was found to decrease 
with mcicisc 111 RKI coiicciitKitioii ic fioni I to 'iM IICI 
( l i g l/>) 1 his shows that at high acid conccnlr ition the 
inhibitor is dcsoihcd fuim the niel.il suiface to a greater 
exleiit th 111 will .i low COIILCIUI ition of llie acid 
1 he elkct ol Iciiipci itiiit r ingum lu in 40 lo 70 C on 
the optmiuni conctiiliation of each inhibitor is shown ui 
I ig Ic Ihc rcMills show tint II increases with increase in 
tcmpciatiiii. ^^  
Ihc \ i i i i l i (m 111 II Willi iiiiiiiLisiiiii liiiK in IM I K ! is 
shown in I ig \d ll wis ohs tucd th it II HICK iscs with 
iiuic ISC m unmi ision time this mdi^ ucs lli it the piotcctiM. 
hini foiincd on i mild sk 1 sulfite n lli prts^ncc of 
thiobisfoi m imnhiKs b^nTriK ilniosliun poious illcr 4S h 
Table 2 I t ih ibi t ion eff ic iency (IE) va lues o b t a i n e d 
for m i W stee l in HCI w i t h adcii t ions 
of t b i o b i s f o r n i a m i d i n e d e r i v a t i v e s f r o m 
w e i g h t loss m e a s u r e m e n t s in absence 
and oresence of Kl 
Inhibitor 
concentration 
ppm 
I M HCI 
3 0 0 
300 
3 M HCI 
500 
500 
5 M HCI 
700 
700 
Kl 
concentration 
% 
0 
0 02 
0 
0 05 
0 
0 1 
IE % 
CPTBF 
96 13 
98 34 
91 64 
98 79 
04 07 
96 80 
ATBF 
94 48 
96 69 
90 11 
9? 59 
11 21 
t l j 3 ) 
TTBP 
93 65 
95 30 
')2 60 
^G 9b 
n 
< i P7 
PTBr 
91 71 
94 7b 
88 2 ' 
93 2o 
81 1 
93 ' 
Br tl h r t in ll 1 ) ) ) U Mo 3 
22 
A/nj-/I ( t jl rh io .Hi i id t J IS f r j( t ciuSb of c o t o s i o n inhit j i l()fs 2 2 3 
1000 ItOO ISOO 2600 :ooo 
1 blank 2 PTBF 3 TTBF 4 ATBF 5 CPTBF 
4 Wyqi/iif plots for mild steel in IM HCI in absence and 
presence of 500 ppm ttiiob sformamidine compounds 
that adsorption of these thiobisformamidincs follows 
Ttmkin's aclborplion isotherm 
Potentiodynamic polarisation studies 
Anodic and calhodic poiaribation curvcb foi mild steel in 
1 - D \ I HCI in the absence and presence of the optimum 
concentration of ihiobisformamidincs are shown in Fig 3 
I he electrochemical corrosuin p.iramelcrs calculated from 
the lafcl plots arc given in lable 3 It is evKLiit from the 
results that the 1^^,, values decrease considerably in the 
presence of inhibitor and that the maximum decrease in 
/j„„ coincides with the optimum concentration of inhib-
itor (500, 700, and 1000 ppm in IM, 3M, and 5M HCI 
respectively) 
I he i . „ „ values do not shift significantly in the presence 
of these compounds These observations show clearly that 
the inhibition of corrosion is under mixed control 
Electrochemical impedance studies 
1 he impedance diagrams for solutions containing 500'ppm 
concentrations of the thiobisformamidines are shown in 
Hig 4 rhc charge transfer resistance K, has been calculated 
from the dilTerence in impedance at lower and higher 
frequencies, as suggested by Tsuru and Haruyama^* These 
R, values have been substituted in the Stern-Geary 
equation 
B.B. 1 
L. 2 3(B, + B J R , 
1 blank 2 PTBF 3 CPTBF 
5 Variation o' tiydroqcn permeation cur cnt with time lor mild 
sttcl in h\1 HCI ID ih Liico and ,)it scncc of 510 ppm 
thiobisfoiir amidinc compounds 
to obtain corrosion current values, v here B_, and B^ arc 
the .inodic and callu)tlic Tafcl slopes respectively 
1 he doubk la)cr cipacilancc uas klcimiiicd fioni the 
frct|ULin.) ,il which /„„ w IS 111 iMiiiuiii iiMug the ulalioii-
s l i i p 
The valiiLS of /<,, C j , , \ , „ , , and II foi these compoiuuls in 
IM HCI, g u m 111 Fable 4 show ^lccr^,l^es in Cj, and l^„„ 
and an increase in K, on adtlilion t)f ihe inhibitors, 
indicating the occiineiKe of adsorption on the mild stcci 
suiface The maximum II u.is found to occur with C P FlU" 
Hydrogen permeation studie;; 
Permeation studies were carried oui for the opliii. im 
concentrations of CPFl iF and PTBT ririTvTHCI'and the 
results ,ire shown in 1 ig 5 It w.is I uiul Ih.it the reduc-
tion m pcimealion CUIILIU on •uUliiioii of CI ' IHI was 
higher than that for PT BF, the results suggest that these 
compounds inhibit the corrosion of iriild steel by blocking 
the double layer •" 
Auger electron spectroscopy 
Auger electron speclia for mild steel exposed to IM HCI 
without any inhibitor, uilli 51)0 ppm C P I lil , and with 
Table 3 Electrochemical polarisation parameters 
tliiobisformamfdine derivatives 
for mild steel in HCI with aclditioiis of 
Inhibitor 
concentration, 
ppm 
I M HCI 
0 
50 
100 
300 
400 
500 
3 M HCI 
0 
100 
300 
500 
700 
5 M HCI 
0 
300 
500 
700 
1000 
CPTBF 
'corr. 
)iA cm"' 
350 
140 
130 
62 
66 
44 
1200 
170 
130 
93 
60 
4000 
500 
350 
230 
190 
^corf» 
mV 
-554 
-550 
-548 
-552 
-554 
-560 
-568 
-564 
-570 
-582 
-580 
-520 
-544 
-542 
-552 
-550 
IE, % 
60 
62 
82 
81 
87 
85 
89 
92 
95 
87 
91 
94 
95 
ATBF 
'co„. 
jiA cm ' 
350 
155 
140 
130 
100 
90 
1200 
200 
120 
110 
100 
4000 
720 
500 
210 
230 
fco,„ 
mV 
-554 
-556 
-558 
-552 
-562 
-556 
-568 
-584 
-590 
5HQ 
-592 
-520 
-518 
-522 
-518 
-52) 
IE, % 
55 
60 
62 
71 
74 
83 
90 
90 
91 
82 
87 
94 
91 
TTBF 
'co,r. 
(lA cm ' 
350 
155 
150 
140 
130 
120 
1200 
180 
130 
105 
110 
4000 
900 
500 
540 
370 
fco,, 
mV 
-554 
-538 
-540 
-558 
-561 
-560 
-568 
-570 
580 
'.lib 
5ii4 
-520 
534 
532 
-530 
52H 
IE % 
55 
57 
60 
62 
65 
85 
89 
91 
90 
77 
87 
H6 
90 
PTBF 
Lou 
pA ( m"' 
353 
20) 
15) 
14) 
130 
12) 
120) 
301) 
21 ) 
VMl 
180 
4000 
803 
580 
5t)0 
300 
£,o„ 
mV 
-554 
-552 
-548 
-546 
-544 
-551 
-568 
-566 
570 
b/2 
568 
-520 
-538 
540 
-6J5 
530 
IE % 
42 
57 
60 
62 
65 
75 
80 
84 
85 
80 
85 
86 
92 
J rn i 19' ' ' ) ol i t 
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224 Aiiml ct ,i Th ionn i id in r s ds nove l ( lass of co r ros i on inh ib i to rs 
200 <;oo €00 eoo 
E l e c t r o n e n e r g y , eV 
1 0 0 0 
fl blank h 500 |i|)m CPTBF, c 500 pij in CPTBI + 0 02°oKI 
6 Auger cirction i /Jccfr. i f ront poUbhcd mild surfaces exposed 
to IM HCI iMth given additions 
SOOppm C l M B r plus 0 0 2 % K I .irc s h o w n in I ig 6 
Tlic p^.iks at I4S 187, .iiul 3X8 cV in I ig fxi ind ica lc 
that a d s o r p l i o r (if Ihis c t i n ipound on the nicl.il surface 
o i t u i s ih rouul i (hi- su lphu i t h l o i i n e a m i n i l i ogcn . i toms 
r e s p e c l u e l \ 11 i Oh) 
I he s p t c l r u i n oblauKxl u i l h 51KI ppin C I ' I B I plus 
0 0 2 % K 1 d m (H\ c v l u b u s p u i k s at 152, 186 189, a n d 
511 eV for su lphui c l i lo i ine niliogi-ii and Kidine respect -
ive!}, crmtuTiiii LT Tfl^ jd in l . idsorpl io i i of CIM [if a l o n g 
u i l h Kl 
CONCLU IS 
1 All Ihc t h u i b i s l o u n a n u d i u i . t o i w p o u n d s n u c s U g i l e d 
including pl icnj l loKI .u i is id\ l , ami 4 - c l i l o i o p l K n \ l ih iob i s 
fcrmainidi i ics ( T p i lil ) acted as cll.ciciil c o r r o s i o n inhibi -
tors for mikl I I in h v d r o e h l o r i c ac id 
2 T h e nihi l iiion of c o i i o s i o n of mild sleel m the 
p ' c senec of thi i t o n i p o u n d s was foLiiul to be u n d e r mixed 
con t ro l o \ c r Ih - i .uige 1 5M H C ! 
"! All the inves t iga ted th iobis form i m i d m e s inh ib i ted 
co r ros ion of n ild s t ic l b \ being a i l so rbcd on tlie niclal 
surface 
4 I nil incLii cut of the inhibi l ion LIIICILIILV of .ill these 
c o m p o u n d s v\,i, obse ived in the p iesenee ol Kl 
T a b l e 4 I m p e d a n c e d a t a f o r m i l d s t e e l in 1 M H C I 
w i t h t h i o b i s f o r m a m i d i n e d e r i v a t i v e s 
Inh ib i to r 
concen t ra t i on R, Q l^o 
p p m ( ! c m ' nF c m ' (lA cm ' IE % 
0 11i5 1 2 8 3 ? 154 70 
500 CPTBF 2660 657 5 40 95 60 
500 ATBF 2400 806 7 00 95 20 
500 TTBF 2300 762 6 82 95 00 
500 PTBF 1600 1071 9 81 92 80 
5 C I ' F B I and P T B I ' bo th reduced the p e r m e a t i o n 
cur ren t cons ide rab ly in I M HCI 
6 A d s o r p t i o n of these c o m p o u n d s on the mild steel 
surface from HCI so lu t ion obc>ed l e m k i n s a d s o r p t i o n 
i so the rm 
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Technical Note: Synergistic Effect 
of Iodide Ions on Inhibitive Performance 
of Substituted Dithiobiurets During Corrosion 
of Mild Steel in Hot Hydrochloric Acid 
•MA Quraishi J Ra^^^a' andK' Ajmal' 
ABSTRACT 
Four subsmwca dilhiobiurcs (i c J 5 dtphenyl 2 4 
dii/uobiurci IDPDTBj J ariisidyl 5 phenyl 2 -J dilhiob.urei 
tAPDTBl 1 lo'yl 5 phcm/i 2 4 duhtobiuret ITPDTB aid 
1 clwlo'ophcniil 5 phenyl 2 -J dii/iiobiuref ICPDTB ' u ere 
synthcsued to study their mlubaitig effect on mild steel (''!SI 
corrosion in 5 N hot hiidrochlonc acid (HCll Vie sunergisiu: 
ejlect of these compouitds u iih potassium iodide IhJi u-as 
studied at different concentration-; temperatures and 
immersio'i pciod'^ bii u eight loss and poteniiodynamic 
polarization methods All compounds showed good inhibdion 
ejjicxency IIEl at oil temperatures and shou'Cd the enhance 
mcn( in IE u iih (he addmon ojsmall amounts ojhi 
Poteniiodynamic polarization studies shou ed that \PDTB 
and DPDTb are predominately cathodic inhibitors u hereas 
T'^DTB and CPDTB are mixed inhibitors Ttic adso-ption o''all 
ihcie compounds Jollou ed TemKin s adsorption isotlicr~^ 
K£^ WORDS du/iiobiurcl hydrochlonc acid mhibuion 
efficiency mild steel potassium iodide potentiodunamic 
polarization 
INTRODUCTION 
Inh ib i ted h v d r o c h l o n c acid (HCll is u sed \ n d e l \ 
d u n n g ac id c lea i i inc oil well acidizing a n d p i ck l ing 
i r e a i r n e n i s ' ^ S u n e \ cf l i tera ture reveals t h a t ihere 
a r e onK a few c l a s s e s of organic c o m p o u n d s t h a t c a n 
Siibmiued for publicalion March 19^9 lii mT^od fomi Jun'-
IQQC) 
Corrosio i Rr^^-arcli L.TbO'-aion Dcpanmeni of ^plied Chc-r 
Facul[\ of Enc.ncrnnc and T<rchnolo£v Alicajh Muslim 
Unncr^ux Ali^ jirli |L P I 202 002 India 
b e u s e d a s co r ros ion i n h i b i t o r s in 5 N HCl a t e levated 
t e m p e r a t u r e s '•* 
Organ ic c o m p o u n d s c o n t a j m n g N a n d S a t o m s 
h a v e b e e n r epo r t ed a s s u p e r i o r c o r r o s i o n i nh ib i t o r s 
t h a n t h o s e c o n t a i n i n g N a n d S a t o m s a l o n e ^ ' Among 
t h e s e t h i o u r e a (1NH2]2C=S) a n d u s d e n x a t i v e s are 
found In commerc iaJ f o r m u l a t i o n s b u t b e c a u s e of 
the i r toxic n a t u r e t h e i r u s e is no t safe 
In c o n t i n u a t i o n of t h e w o r k on acid co r ros ion 
i n h i b i t o r s , ' " four d i t h i o b i u r e t s [\-iz 1 5 d i p h e n \ l 
2 .4 -d i t h iob iu re t (DPDTBl. l - a n i s i d v l - 5 - p h e n y l 
2 . 4 - d i t h i o b i u r e t s lAPDTBl, 1-toK! 5 p h e n y l 2 4 
d i th iob iu re t ITPDTBl. a n d l - c h o l o r o p h e n y l - 5 - p h e n v l 
2 4 -d i th iob iu re t (CPDTBl) w e r e s \ -n thes ized to s t u d \ 
the i r inh ib i t ing p r o p e r t i e s o n c o r r o s i o n of mild steel 
(MS) in 5 N HCl 
EXPERIMENTAL 
Materials 
MS s t n p s c o m p o s e d of (wt^/O 0 140c C 0 35°/c 
Mn 0 17% Si. 0 0 2 5 % S 0 0 3 % P a n d b a l a n c e Fe 
(2 cm bv 2 c m b \ 0 2 5 cm) w e r e u s e d For po ten t io 
d\TiajTiic po la r iza t ion s t u d i e s MS s t r i p s wi th a n 
exposed a r e a of 1 c m ' w e r e u s e d 
MS s p e c i m e n s w e r e p o l i s h e d m e c h a n i c a l l y wlUi 
emer \ p a p e r s of 1 /0 to 4 / 0 g r a d e s T h e \ were 
d e g r e a s e d s u b s e q u e n t l y wi th tnch lo roc t l i v lene (CCl 
= CHCl) a n d d n e d a t r o o m t e m p e r a t u r e Doub le 
dist i l led wa t e r a n d a n a l \ t i c a ! r e a g e n t - g r a d e HCl 
were u s e d for p r e p a r i n g s o l u t i o n s To d i s s o K e 
the d i th iob iu re t c o m p o u n d s 3 % to 5 % a c e t o n e 
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O NH —C—NH - C —NH II II 
S S -© 
1 R = H 
2 R = C H 
3 R = OCH3 
4 R = CI 
FIGURE 1. Molecular structures of different subst luted dithiobiurets 
compounds 
(CH3COCH3) was used. Inhibitors were synthesized in 
the laboratory following procedures reported previ-
ously.'^ '* Figure 1 shows molecular structures of 
different subsututed diihiobiurets. 
Procedure 
Weight Loss Srudies — Weight loss experiments 
were done according to .ASTM methods descnbed pre-
viously '^  "* Tests were conducted m 5 N HCl for 24 h 
at 25°C. 3 h at WC. and 0.5 h at 70°C with different 
concentraUons of inhibitors. 
Trade name 
Potentiodynomic Polamacion Studies — Polanza-
uon curves were recorded potentiodynamically 
(1 mV/s) using an EC&G Princeton Applied Research 
(P.AKC) model 173* potentiostat/galvanostat. a model 
175* universal programmer, and a model FIE0089* 
X-Y recorder at 35=C ± 2°C. The cell assembly con-
sisted of a MS working electrode, a plat inum counter 
electrode, and a saturated calomel electrode (SCE) as 
the reference electrode. 
RESULTS AND DISCUSSION 
Weight Loss Studies 
Table 1 shows the corrosion parameters such as 
percentage inhibition efficiency (IE) and corrosion 
rate (CR) obtained by weight loss methods at differ-
ent inhibitor concentrations in 5 N HCl at 25''C. 
40=C. and 70°C for 24 h, 3 h. and 0 3 h. respecuvely 
-Ail of the compounds inhibited the corrosion of MS at 
ail concentrations. .•'JI of these investigated com-
pounds showed their maximum IE at 1.000 ppm at 
25=C and 40''C and at 2.000 ppm at 70°C. THe per-
centage IE of all these subsututed dithiobiurets 
decreased Ln the following order. APDTB > TPDTB > 
DPDTB > CPDTB. 
TABLE 1 
Corrosion Parameters Obtained tram Weight Loss Measurements for MS in 5 N HCl 
Containing Different Concentrations of Substituted Dithiobiurets at Different Temperatures 
Inhibitor 
Concentration (ppm) 
Temperature (25'C) 
5 N H C I 
100 
200 
500 
700 
1 000 
100 + Kl 
200 + Kl 
Temperature (40'C) 
5 N H C I 
100 
200 
300 
500 
700 
1 000 
100+ KI 
200 * Kl 
Temperature (70°C) 
5 N H C I 
500 
1 000 
1 500 
2 000 
500 > Kl 
1.000 * Kl 
IE 
(-') 
-
8 0 3 
9 0 3 
9 6 6 
98 2 
99 0 
94 6 
99 4 
-
83 9 
87 5 
91 3 
95 1 
98 1 
99 8 
95 1 
97 7 
_ 
87 6 
98 7 
98 9 
99 2 
96 4 
99 3 
APDTB 
CR 
(mmpy) 
33 81 
6 6S 
3 28 
1 17 
0 63 
0 32 
1 83 
0 21 
139 5 
23 4 
175 
122 
6 97 
2 67 
0 46 
6 97 
3 25 
1.522 6 
188 4 
192 
165 
148 
54 6 
9 14 
IE 
(%) 
-
76 5 
82 4 
94 8 
96 1 
98 8 
89 9 
97 7 
-
74 5 
77 1 
83 2 
91 2 
95 7 
99 6 
86 6 
95 8 
-
46 4 
98 8 
98 9 
99 1 
31 1 
98 8 
TPDTB 
CR 
(mmpy) 
33 81 
7 94 
5 94 
1 75 
1 31 
: 3 9 
3 4 9 
0 79 
139 5 
37 1 
31 9 
22 3 
123 
594 
0 55 
185 
5 85 
1 522 5 
816 7 
17 4 
17 1 
156 
288 7 
178 
IE 
(%) 
-
73 8 
79 4 
89 6 
94 8 
98 6 
87 6 
94 0 
-
58 5 
69 4 
77 3 
87 9 
92 9 
98 8 
75 2 
93 1 
-
40 7 
90 4 
95 1 
93 2 
73 3 
as 6 
DPDTB 
CR 
(mmpy) 
33 81 
8 35 
5 95 
3 52 
1 73 
0 45 
4 16 
201 
139 5 
56 3 
42 6 
31 7 
168 
9 89 
1 67 
35 1 
9 33 
1 522 5 
903 4 
145 4 
75 6 
27 3 
406 9 
65 3 
IE 
(%) 
-
70 0 
78 5 
87 2 
93 2 
98 2 
84 0 
90 0 
-
51 9 
63 4 
71 7 
82 6 
92 1 
98 3 
73 6 
90 8 
-
37 6 
89 7 
94 8 
95 9 
72 1 
95 4 
CPDTB 
CR 
(mmpy) 
33 81 
10 14 
7 23 
4 35 
2 3 1 
0 62 
5 2 9 
3 36 
* 
139 5 
57 3 
51 1 
39 5 
24 2 
11 1 
2 32 
36 9 
128 
1 522 6 
949 9 
156 3 
73 9 
45 5 
424 2 
70 3 
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TABLE 2 
S Parameters of Difierent Substituted Dithioburets Obtained at Different Temperatures 
System 
25°C 40°C 70°C 
Inhibitor 
Concentration 
(ppm) 
100 
200 
100 
200 
100 
200 
100 
200 
s, 
2 19 
11 08 
1 38 
4 70 
1.26 
2 05 
1.12 
1.26 
Inhibitor 
Concentrat ion 
(ppm) 
100 
200 
100 
200 
100 
200 
100 
200 
s, 
2 1 1 
3 99 
1 39 
4 00 
1 23 
3 26 
1 34 
2 92 
Inhibitor 
Concentration 
(ppm) 
500 
1,000 
500 
1,000 
500 
1.000 
500 
1,000 
s, 
2 34 
41 14 
1 93 
5 50 
1 51 
1 48 
1 52 
1 51 
APDTB 
TPDTB 
DPDTB 
CPDTB 
APDTB showed better performance than TPDTB. 
This may have been attributed to the presence of the 
electron releasing group, -OCH3, since -OCH3 Is a 
better electron-releasing group compared to the -CH3 
group. Hence, it facibiates greater adsorption of 
methox\'-substituted dithiobiuret (APDTB) on MS 
surfaces than methyl-substituted derivative (TPDTB), 
leading to higher inhibition efTiciencj- of APDTB than 
TPDTB. Methox>- bervzothiazole has been reported as 
better corrosion inhibitors than methyl-substituted 
benzothiazole on similar reasoning." CPDTB has 
showed lower IE than DPDTB caused by -I effect 
(electron v.ithdrav^lng inductive effect) of the chloro 
group, which decreases the electron avEiilability on 
the reaction site and causes less adsorption of 
CPDTB than DPDTB. 
TTie values of IE for the specific concentrations of 
Inhibitors in combination vnth KI at different tem-
peratures (25'=C. 40''C. and 70°C) in 5 N HCl are 
given in Table 1. The addition of KI Increased the effi-
ciency of all the compounds by > 10% because of 
s>Tiergism TTie s\Tiergistic parameter (S,) was calcu-
lated by using the relation given by Aramaki and 
Hackerman." 
Table 2 shows S, vaJues calculated at different 
inhibitor concentrauons and temperatures. All S, val-
ues were more than unlt>'. thereby suggesting that 
the phenomenon of SNTiergism is exisung between 
dlthlobiurets and iodide ions '* 
The plots of e \-s log C In 5 N HCl are straight 
lines, suggesting the adsorption of dithiobiurets on 
the surface and MS follows Temkin's adsorption 
isotherm (Figure 2) 
Potentiodynamic Polarization Studies 
Polanzauon behanor of MS in absence asid pres-
ence of optimum concentration of £L11 substituted 
ditliiobiurets in 5 N HCl Is shov.Ti in Figure 3(a). 
Various corrosion parajneters obtained from the po-
lanzauon curves such as corrosion current densit>' 
1 00 -
090 -
<= 0 80 -
0 70 
060 
22 24 30 26 
logC — » -
FIGURE 2. Temkin's adsorption isotherm plots tor MS m 5 N HCl 
containing different concentrations of substituted dithiobiurets 
compounds (A) APDTB, (B) TPDTB. (C) DPDTB. and (D) CPDTB 
( I ^ , corrosion fx)tentlal (E,^). Tafel slope cons tan t s 
(bt and b j , ajid IE of all substituted djLhiobiurels are 
given In Table 3 . Results showed that all the com-
pounds decreased the l^^ value at all concentrat ions 
and a maximum decrease m I„„ value was obtained 
at 1.000 ppm in 5 N HCl APDTB and DPDTB showed 
predominantly cathodic nature and mixed beha \ io r 
of TPDTB and CPDTB in 5 K HCl 
Polarization cur\-es for MS in 5 N HCl containing 
specific concentrations of dithiobiurets in combina-
tion Wiith KI are shown in Figure 3(b] It was o b s c n ed 
that a significant decrease in l^^ occurred with tlie 
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FIGURE 3 Potentiodynamic polanzation curves (or MS containing 
(a) 1 000 ppm at different substituted dithiobiurets in 5 N HO 
([A]Blank [BJCPDT8,[C]DPDTB [D] TPDTB. andlEJAPDTBand 
(b) 500 pprrt of different substituted dithiobiurets with KlinSN HCJ 
HA] Blank, [Bj 5 N HCI * Kl, [CI CPDTB * Kl. [D] DPDTB * Kl. 
[E] TPDTB * Kl, and[F]APDTB * Kl) 
addiUon of 0 25% Kl to 5 N HCl contammg 500 ppm 
of dithiobiurets, thereby showing that synergism 
existed between dithiobiurets and Kl 
CONCLUSIONS 
•> .-Ml substituted dithiobiurets acted as efficient cor-
rosion Inhibitors in 5 N HCl at different temperatures 
•> .^PDTB showed the best performance at all tem-
peratures 
•> Addition of iodide ions to different concentrations 
of inhibitors mcreased the IE at all temperatures S, 
\ a l u e s were found to be more than unity 
•> Adsorption of these compounds on MS obeyed 
Temkln s adsorption Isotherm 
•> Potentiodynamic polarization studies have re-
vealed the mixed nature of the inhibition of TPDTB 
and CPDTB and calhodic nature of inhibition of 
APDTB and DPDTB 
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TABLE 3 
Potent octynamic Electrrxhemical Parameters 
(or MStrxSN HCl Containing Different Concentrations 
of Substituted Ditfiiobiurets at 35°C with and without Kl 
Inhibitor 
Concentration 
(ppm) 
5 N H C I 
5NHCI + KI 
APDTB 
300 
500 
700 
1 000 
500 + Kl 
TPDTB 
300 
500 
700 
1 000 
500+ KI 
DPDTB 
300 
500 
700 
1 000 
500 + Kl 
CPDTB 
300 
500 
700 
1 000 
500+ KI 
u. {pA.cm') 
4000 
580 
210 
150 
120 
105 
38 
230 
170 
14-0 
120 
98 
:6o 
350 
310 
280 
140 
520 
400 
340 
260 
120 
E ^ 
(mV) 
-520 
-516 
-532 
-536 
-538 
-545 
-548 
-514 
-518 
-520 
-522 
-520 
-523 
-530 
-534 
-540 
-550 
-518 
-524 
-520 
-522 
-522 
be 
(mV dec) 
130 
130 
120 
110 
120 
120 
110 
100 
IQQ 
120 
124 
110 
115 
120 
110 
124 
124 
124 
126 
124 
120 
116 
b. 
(mV dec 
80 
58 
50 
48 
43 
58 
55 
42 
44 
54 
63 
58 
52 
55 
58 
60 
62 
44 
44 
46 
48 
55 
IE 
(%) 
_ 
85 50 
94 75 
96 25 
97 00 
97 38 
97 80 
94 25 
95 75 
96 50 
97 00 
97 55 
91 00 
91 25 
92 25 
93 00 
96 50 
87 00 
90 00 
91 50 
93 50 
97 00 
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TETRAMETHYL-DITHIA-HEXAAZACYCLOBIDECANEHEXAENE(MTAB): 
A NEW ACID CORROSION INHIBITOR FOR MILD STEEL 
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Faculty of Engiiicericig Si. Tcclmology, Aligarh Muslim University, Allgarh (U.P), INDIA 
(Received: I June I'J'JK Accepli cl: 26 Oclol'er 199K| 
•ri(riiiuelliyl-(Ii(lilii-licxHiizHiycl<ilii<lccaiic-licxiuiic(M'l"AM) was syiidiesjztcl iiiid Us InliiliKivc |)cif<iniiuiiec 
towards llie corrosion of luild steel in I N, 3 N, and 5 N IK'A and H^SO^ was invcsli^^aled liy wfi;;lit loss 
and potentiddynnniic p<>Iiiri/,a(i(in leclini((ues. The iiidiience of inliil)i(or concentration, concentration of 
acids, lininci-sion lime and ICI was als<i studied on tlic 11", of M lAH. Tlu- in\iil>ilor has exlill)i(e«t l)eller 
inliiliitive perr<irmance in sulpluiric acid than in hydmchloric acid. I'otentiodynainic polarization studies 
indicated that MTAU acts as a mixed corrosion inhibitor in l)oth acids. The adsorption of macrocyclic 
compound MTAR on mild sleel surface obeyed Teinkin's adsorption isotherm. 
Keywords: Inhibitors, HCl, HjSO^, Tcnikin Uothcmi, mild slccI, potcntlodynamlc polari/jttion. 
INTKODHCn ION 
Organic compounds coiilaininp lieleio atoms such as oxygen, 
nitrogen or sulphur inid niullijile Imnds have lieen reporled 
as good corrosion inhiliitor (lOJ. In previous work it has" 
been studied a few heterocyclic coiu|UHiiids having uilrogcu 
and suljiliur aloms in the ring as corrosion inhibitor 14-6). In 
the present investigation we have s)nliicsi7.ed a macrocyclic 
compound having 12 atoms in the ring namely 
3,4,9,10-tclramelhyI-7,12-dithia-1,2,5.6,8,11 - hcxaazacyclo-
bidccaiic-2,4,7,8,10,12-hexaenc and studied its influence on 
the corrosion of mild steel (MS) in liCI and HjSO^ solutions. 
KXrKKIMKNIAL 
Tlie macrocyclic compound [M rAl: | was syuthesi/ed in the 
laboratory following the priKcdure previously reported (7|. 
Mild sleel strips of 2 cm x 2 a n x (l.()2.'i cm were used for 
wcigiit lo.ss studies and for p(\leiiliodynamic polarization 
studies MS linving exposed are.i cf I cm was used. The 
composition of nnid steel strips used in these studies was 
(wL%); C = 0.14, Mn = 0.35, Si = 0.17, S = 0.025, 
P = 0.03 and rest Fe. 
Mild steel specimens were polished mechanically first and 
then using different grades (lA), 2/1), 3/0 and 4/0) of emery 
papers. They were degreascd subsequently with 
trichloroctliyleiic and dried at room temperature. 
* Author for cotrcs/iondrinci-
Analytical grade HCl and U^O^ (MERCK) were used to 
prepare the aggressive solution. Appropriate concentrations 
of acids were prepared by using triple distilled water. 
The weight loss studies were carried out as descrilied 
previously [8,9|. The inhibition efficiency for different 
concentrations of inhibitor was calculated from the difference 
in weight loss values in absence and |)rcscncc of the 
com|Kiund in 1 N-5 N HCl and HjSO^. 
The cathodic and anodic polarization curves were recorded 
potentiodynamically usii\g EG & G PARC model 173 
potcntioslat/galvanostat model RE0089 X-Y recorder. The 
cell assembly consisted of a MS as working clcclrode, a 
platinum foil as counlcr electrode and saluraled calomel 
electrode (SCE) as a relerencc electrode. All experinienls 
were performed at room temperature (308 ± 2 K). 
RESULTS ANf) DISCUSSION 
The details of the invesligaled macrocyclic cdnip<uind arc 
given in Table I. TTie inhiliitioa cfncicncies obtained in 1 N 
-5 N HCl and HjSO^ at dillerent cnuccnlralions of MTAB 
are given in Table 11, It has been found that inhibition 
elTiciency (IE) increases on increasing the concentration of 
inhibitor and reaches maximum at optimum concentration. 
The maximum IE of MTAB was found at 500,700 ai\d 
2000 ppm in 1 N, 3 N and 5 N HCl and H^SO^ respccli\'ely. 
The inhibition efficiency of 500 ppm MTAB was studied in 
1 N HCl and HjSO^ al dillerent temperature, iininersion 
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TAIU.E [-. Name and struclure of nihiliitor used 
Sl roc lu ru l 
formula 
I)esi;;iiatioti and 
ahhreviation 
H—N 
I 
C=S 
I 
N 
C 
II 
N 
C 
1  
N 
CU, 
H—H TctramcHiyl-
I t l l l l l l . l lnX.l , ) /1-
S=C cyclohid io i ic (MTAB) 
N 
CH, 
liiiic and and conccnlraJKins. The variplion of IE wilh 
linipiTJliiri' u\ HCI dnd H,SO^ is shown m Fig. 1(a). II is 
observed ihat IE decreases wilh Ihc increase iii leniperalurc, 
indicaling Ihc fact llial ihc inhibitor film fomicd on Ihc mcla 
siirl.ice is less proleUivr in iialufC ai high it iiipcralurc. It 
may be altribuled to the dos<>rj>lioii of Ihc inhibitor iiioietuie 
on the inctdl surface (11 | The cftecl of diltereiit iiiiiiiersion 
lime on llie IE of SOO ppni of MTAB is shown in Fig. 1(1 )^. 
ll IS obvious lh.it II: iiu rrases willi the iiiiiiu rsioii tune.'1 he 
increase in IE willi time may be attributed to llie formation 
of a b.irrier film which prevents tlic attack ol the acids on 
Ihc inelal surface. Tlie variation of the inhibilion efficiency 
Willi llie increase iii and i-oiueiilralioii in bolli acids are 
shown ill Fig l(lc). It is observed that IE decreases on 
iiure.isiiig llie loncentraiion of acid.s due to increase in 
aggressiveness ol acid solutions. 
The inleresting feature of Ihc invcsligalion is that MTAB 
gives In III r mliibilive fx-rfonnaiicc in H^SO^ than thai in 
1 HCI, which may Iv altribuled to Ihc dillercnce in 
.iggrcssiveness ol anions of acids II can also be due lo 
'I'AIU I' II: InliibilHin irTiiieiuus obt.iined fiDni 
wi ij^lil-ldss sludiis fi>r (lifTmiil lonnnlr.ilKiiis ol 
Ml Alt ill I K l and U^SO^ at 313 K for 3 hr 
Inh 
cone 
(fl'M) 
50 
100 
200 
300 
400 
500 
11: 
IN 
IHl 
70 
7S 
84 
89 
92 
94 
(%) 
IN 
l ljSO, 
83 
88 
94 
95 
98 
99 
Inh 
cor>c 
(ITM) 
200 
300 
400 
500 
700 
loot) 
1 E 
3N 
HCI 
68 
75 
82 
85 
88 
94 
(%) 
3N 
II.SO, 
87 
90 
92 
95 
97 
99 
Inh 
cone 
(ITM) 
200 
300 
500 
700 
1000 
20(K) 
1 E (%) 
5N 
i i r i 
67 
69 
75 
78 
82 
92 
5N 
ll.SO, 
76 
79 
84 
85 
88 
93 
diffeniice in ihc cxleiil ofaclsorjjiion of i hloridc and sulplule 
ions present in acids The chloride ions which are strongly 
adsorbed oii the metal surface leave less Sj)<ice for Ihc 
inhibitor molecules for adsorption, whereas the less 
adsorption of sulphate ions on the metal surface gives more 
space for Ihc adsorption of inhibitor molecule and enhances 
inhibition of corrosion [12,13] 
The values of IE for the specinc coiiceiilralions of MTAB 
in combiiiaiion wiih Kl in acid solutions are given in 
Tabic in. The results show Ihat IE of MTAB increases on 
the addition of iodide iims in all acidic solulions. Tiiis 
enhaiiceinent in the IE on Ihc addition ol Kl occurs due lo 
synergistic effect [14]. The )iiicnoincnoii of syiiergisni is also 
supported by ihc synergism paraiuelcr (S,), which was 
calculated by using Ihc relalionslup given in (15). 
I - I 
'^ = i - r 
1 + 2 
I + 2 
where I1+2 = Oi +'2 )~ ( ' i ' : )"• '1 ~ '"hibilion efficiency of 
I the anion; 1^  = inhibilion efHciciicy of Ihc cation; 
r I *2 measured inhibilion efficiency for the cation in 
combmalion wiib aiiinn. 
too 
.'^ . « 
u 
11 
10 
V \x_ 
^ ~ ^ ^ * ^ 
( 0 ) 
I — 1 1 _ 
iA Vi ^^ TO 
T»mp (C) 
100 
?•' 
t l 
-
• / ^ 
• / 
= . ^ 
(t.) 
IL 4» 71 1i 
Cone (N ) 
Fig 1 Variation of mluhilion efficiency of 
SfTAR mill (a) li.mperalurc (b) immersion lime 
(L) concentration of ai-itl (I) in H^(>^ Q) in IICl 
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TAltMC HI: Inlillndoii emciciiclos of MTAH olilnlned 
fniiu we(>;Ii(-l<iss iucastin-iiu-ii(s in iilisencc nnd 
presence of KI in llCt and H^SO^ 
Inh 
cone 
(ppra) 
IN HQ 
100 
100 
200 
200 
3N H Q 
300 
300 
700 
700 
5N H a 
500 
500 
1000 
1000 
KI 
cone 
(%) 
— 
0.02 
— 
0.02 
— 
— 
0.05 
... 
0.05 
— 
— 
O.IO 
— 
0.10 
ii>: 
(%) 
88 
95 
84 
96 
— 
75 
84 
88 
94 
— 
75 
88 
82 
93 
Inh 
cone 
(ppm) 
IN HjSO^ 
50 
50 
100 
100 
3N HjSO^ 
200 
20(1 
30(1 
3(K) 
5N H,SO^ 
300 
300 
500 
500 
KI 
cone 
(%) 
— 
— 
0.02 
— 
0.02 
— 
— 
0.03 
— 
0.03 
— 
— 
0.05 
— 
0.05 
IE 
• ( % ) 
... 
83 
98 
88 
99 
— 
87 
90 
9(1 
99 
— 
79 
89 
84 
96 
MTAB oi\ tlic iiictal surlncc (ilnys Tcmkin's atlstuiituin 
Lsolhcrin Fig.s. 2(a,t)). 
I'otentioilynamk p«lari2;\U»\i stu<li«s 
The values of corrosion niacrit doii.sKy (I^„,), corrosion 
po(cn(ia( (E^^) and IE oli(aiiicd from pcUciiliodynamii 
polarization curves of mild s(ccl in I N, 3 N and 5 N HCI 
and HjSO^ solutions alone and in presence of differcnl 
concentrations of MTAB are given in Table V. It is cvidcnl 
from the r,esults given in Table V that I^^ decreases wi(h 
Ibc increase in inhibitor concentration and maximum 
decrc;isc in I value was observed at optimum inhibitor 
corr ' 
conccnlralion. The polarization curves in 1 N, 3 N and 
5 N HCI and H2S0^ alone and with optin\um concentrations 
of MTAB are shown in Figs. 3(a,b). It is observed that the 
pre.";ence of MTAB in acid solution does not cause ai\y 
change in E .^,^  values indicating thai MTAB acts as mixed 
inhibitor in HCI as well as li^SO^ solutions. 
The values of S, for diffcjciU conccnlralions of MTAB in 
1 N, 3 N and 5 N H Q and HjSO^ in cxinibination with 
iodide ions given in Tabic IV arc higher than unity, thereby 
suggesting that the synergistic cffec-t has caused the enhanced 
inhibition efficiency by the addition of iodide ions to 
niacrocyclic compounds. The results obl.iincd Croni the 
potentiodynamic polarisation studies (Table V) also 
substantiates the synergistic behaviour of macrocyclic 
compounds in pre^sencc of KI. 
A straight line is obtained on plotting the 0 vs log C 
(inhibitor concentration), suggesting that the adsoq)tion of 
TAHLE IV: Synergistic parameter S, for different 
concentnifions of MTAH in IK'I nnd Hj.SO^ snlulions 
Inh cone 
(ppm) 
IN HCI 
100 
200 
3N HQ 
300 
700 
5N HQ 
500 
1000 
S. 
1.10 
2.10 
1.03 
1.03 
1.28 
1.52 
Iiil) cone 
(ppiu) 
IN HjSO^ 
50 
100 
3N H,SO^ 
200 
300 
5N H,SO^ 
300 
500 
^x 
2.10 
2.56 
1.08 
3.40 
7.76 
1.87 
too 
0^0 
010 
O.TO 
y* 
\ j t ^ 
/ j 
(o ! 
u It }> » la 
100 
OJO 
o.to 
0 70 
-
- / 
! > -
• / 
VJ 
• ^ 
j / ^ * 
( b ) 
J] IS 37 It 
Fi^. 2: Tonkin's adsorption iwtlicrmt of SfTAB in 
(a) I N (l>) 3N and (c) 5N 
(I) in ll^^O^ (2) in IICl 
1(1 
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TAl lLK V: Eleciroclieniical corrosion parameters for 
(lilTerent concciilr.il ions of MTAH in \\('.\ iind H,S( ) , 
Inh 
tone 
(ppni) 
IN HCl 
100 
300 
500 
3N HCl 
300 
500 
10(H) 
5N HCl 
500 
1000 
2000 
lOOO+Kl 
Ciirr 
lllVjl 
-554 
-53H 
-540 
-544 
-568 
-550 
-540 
-545 
-520 
-510 
-515 
-508 
-530 
: Aciu' 
350 
J 70 
100 
86 
1200 
460 
180 
100 
4000 
780 
6m 
3Q0 
310 
IK 
—. 
5} 
71 
75 
— 
62 
85 
V2 
— 
81 
S3 
90 
92 
lull 
cone 
(ppni) 
IN HjSO^ 
;oo 
300 
500 
3.N HjSO^ 
200 
500 
KHX) 
5N HjSO^ 
500 
1000 
2000 
lOOO+KI 
F. 
rnrr 
inVii 
-580 
-586 
-588 
-594 
-578 
-586 
-576 
-580 
-506 
-500 
-504 
-508 
-492 
I 
fiTr 
. Attn" 
380 
130 
98 
70 
1500 
140 
130 
90 
4650 
340 
260 
220 
150 
IK 
66 
74 
82 
.— 
91 
91 
94 
— 
93 
94 
96 
97 
Afecliani.sm of inlii'iid'on 
The jilausiUlc mccluuisiH of corrosion iuUibiliou of mild steel 
ill 1 N HCl and H2SO^ by MTAB can be explained on the 
basis of adsorption. In acidic solutions MTAB can exist as 
catUmic species tike other ammo romjmujiJs [IS], Tliesc 
calionic species may adsorb on the cathodic sites of the mild 
steel and decrease the evolution of hydrogen. Tlic ad!;orplion 
of MTAB molecule on anodic sites through loiic jiairs of 
electrons of nilrogeii, .sulphur and the ;t electron.'; of llie 
macrocydic ring may decrease anodic di.<y;olulion of mild 
steel. 
r (>NCl, l lS10N 
J. MTAB inhibits the corrosion of mild stcrl very 
si(;i)incanlly in all concentrations of both acidic 
.solutions. 
2. MTAB gives bolter IE in H^SO^ than in HCl. 
3. Poleniiodynamic polari/alion studies reveal that 
MTAB acts as a mixed corrosion inliibilor in bolii 
acidic solutions. 
4. Inhibition efficiency of MTAB enhances on addilion 
of Kl due to synergism. 
5. MTAB obeys Temkiri's adsorplion isolhcrm in HCl as 
^4 well as in HjSO^ solutions. 
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Effect of Some Condensation Products of 
Glyoxal and Diamines on Mild Steel Corrosion in 
Acidic Environments 
M o h a m m a d Ajmal , J a y a Rawat and M.A. Q u r a i s h i 
Corrosion Research Labaralory Deparlmenl oj Applied Chemistry 
Faculty of Engg & Technology Aligarh Muslim Umuersuy ALICARH 202 001 
Two condensation products den\ed b\ glyoxal and diamines have been sjiithesizcd and evaluated 
as corrosion inhibitors for mild steel in 1 N HCl and 1 N H,SO, by weight loss and polcntiodynamic 
polanzation methods Variation of inhibition efficiencies of these with temperature Immersion 
time and concentration of Inhibitors was also studied in both acidic solution 
Potenliodynamic polarization studies revealed that both the compounds are mi\ed inhibitors in both 
acidic media The adsorption of both compounds on the metal surface obe_\ed Temkin s adsorption 
isotherm Addition of Kl increased the inhibition efficiency of these compounds bv synergistic effect 
The condensation product from o phenvlcnc diamine is found to be more efficient corrosion mhibitor 
than that derived f'-om ethylene diamine 
Acid inhibitors are commonly employed In 
indus t r i e s during cleaning of boilers and 
heat exchangers, pickling of metals and 
acidization of oil well 11.2). A sur^-ey of 
l i t e r a t u r e revealed t h a t m o s t of t h e 
commercial inhibitor formulations include 
c a r b o n y l s and a m i n e s a s e s s e n t i a l 
ingredients . Turblna el.al. [3] and Desa! 
eicd. [4] have found that condensa t ion 
p r o d u c t s of t h e s e two show b e t t e r 
i n h i b i t i o n efficiency (IE) t h a n t h e 
cons t i tuen t amines or carbonyls In the 
p r e s e n t work , we have found t h a t 
c o n d e n s a t i o n p r o d u c t de r ived from 
heterocycl ic amines and aldehydes give 
excellent IE even at a small concentrat ion 
of these compounds 15 7] In the p resen t 
s t u d y , we have s y n t h e s i z e d two 
condensation products, namely - 5 6 11,12 
- dlbenzo -1.4.7.10- t c t raaza-1 .3 7.9-tetra-
ene-cyclobldecanc (BABD) and 1 4 7,10-
tetraaza- 1.3,7.9-tetra-ene-cYclobidecanc 
(ABD) to study their inhibi t ing action on 
corrosion behaviour of mild steel in acidic 
solutions 
\-
>- N 
1 i- 7.10-telr(w2a 13 7 9- ^ '^ " .12-diben2o-l.i 7 10-
'elro-ene-cyclobd*cor* ' * ' ' , ° ^ l ° " ' ' ^ 7,9-leUo-er« 
^ * " " ' (BABD) 
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EXPERIMENTAL REULTS AND DISCUSSION 
Mild steel s t r ips of size 2 x 2 x 0.025 cm 
(C= 0.14%. Mn = 3.5%. Si = 0.17%. S = 
0.025%. P = 0 .03% and rest iron) were 
used for w e i g h t l o s s m e a s u r e m e n t s . 
Mild steel s t r ips of the same composition 
coated with lacquer with an exposed area 
of 1 cm-" was used for potentiodynamlc 
polarization s tud ies . The electrodes were 
polished with emery papers of 1/0 to 4 / 0 
g r a d e a n d d c g r e a s e d wi th 
tnchloroethylene. A.R.grade HCl. H^SO^ 
(Merck) and double distilled water were 
used to p r e p a r e s o l u t i o n s of IN acid 
solutions. Weight loss experiments were 
carried out as dcscnbed in literature [8.91. 
Potentiodynamlc polarization s tudies were 
carried out usin.^ EG & G PARC model 
173 poieni ios ta t / galvanostal . universal 
programmer model 175 and X-Y recorder 
model RE0089 . All experiments were 
carried out at room temperature (35+2 C). 
A platinum foil as the auxiliary electrode 
was used in the cell assembly. 
The i n h i b i t o r s ABD a n d BABD were 
synthesized in the laboratory using the 
procedure reported 110). 
The values of inhibition efficiencies from 
weight loss measurements in the two acid 
med ia and different c o n c e n t r a t i o n s of 
inhibitors are given in Table 1. It h a s 
been found that both compounds inhibit 
the corrosion of mild steel in acid solution. 
The inhibition efficiency increased wi th 
inhibitor concentration from 100 to 500 
p p m and thereaf ter , no i nc r ea se w a s 
observed. 
The better performance of BABD than that 
of ABD as a corrosion Inhibitor may be 
a t tnbu ted to the presence of two aromat ic 
r ings in the s t ruc ture of BABD. which 
facilitates greater adsorption of BABD on 
the metal surface as compared to ABD. 
Fig 1 s h o w s the effect of d i f ferent 
temperatures (40-70"C) on the inhibition 
eff ic iency of both c o m p o u n d s . It is 
observed that IE dec reases with the 
increase In temperature which may be 
a t t r i b u t e d to de so rp t i on of i n h i b i t o r 
molecules at high temperature from the 
metal surface. 
Table 1 
Corrosion paramters from weight loss studies 
Inhib CVnc 
Ppm 
100 
200 
300 
aoo 
500 
1000 
BABD 
1E% 
1 N 1ICI 
80 15 
82 77 
33 52 
35 02 
85 14 
87 64 
1 N H,S04 
89 81 
92.96 
93 45 
95 15 
95 87 
97 09 
C R (mmpv) 
1 N HCl 
2 46 
2 13 
1 85 
204 
1 71 
1 53 
IN H,SO. 
I 95 
1 34 
1 25 
0 92 
0 78 
0 55 
ABD 
I E % 
IN HCl 
64 79 
71 53 
74 90 
78 27 
81 27 
84 64 
IN H,SO. 
81 55 
83 50 
86 89 
88 59 
89 55 
94 56 
C R 
IN HCl 
4 36 
3 52 
3 11 
2 69 
2 32 
1 90 
, 0 ^ 4 
mmpy) 
IN HjSO. 
3 52 
3 15 
2 50 
2 18 
1 99 
1 02 
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Fig 1 Varlatloa of Inhibition Efnclency with Temperatue. I nh ib i t o r Concen t ra t ion & 
Immersion Time. A 1 N HCl B 1 N HjSO. 1 with BABD 2 wnth ABD 
100 
The variation of inhibition efficiency unth 
immersion lime has been shown in Fig 1 
It IS seen thai IE increases on increasing 
t h e i m m e r s i o n l ime T h i s m a y be 
a t t r ibuted to the formation of a barr ier 
film on metal surface which prevents the 
a t tack of acid on the metal surface. 
Bo th c o m p o u n d s have s h o w n b e t t e r 
performance In HjSO^ than in HCl (11) 
The value of IE for specific concentrat ion 
of macrocycl ic c o m p o u n d s wi th KI is 
shown in Table 2 It is seen thai IE of 
b o t h of t h e macrocyc l i c c o m p o u n d s 
increases on the addition of KI due to 
synergism The results obtained from the 
potentiodynamic polarization s tudies also 
s u p p o r t the synerg i s t i c effect of the 
macrocxclic compounds in acidic media 
coniainin!: KI 
The synergistic parameter (S,) is calculated 
using the relationship given by Aramaki 
and Hackerman (121 
U- l .J 
n- i .J 
where 
1.., = ", * la) - ' . I , 
li = Inhibition efficiency of the anion 
Ij = Inhibition efficicncx of ihe canon 
1 |_j = Measured inhibition efficiency for the 
cation in combination with ihe anion 
Values of S| for different concentration of 
BABD £ind ABD in conibinai.,on UTth KI were 
calculated and included m Table 2 These 
Table 2 
InhlbitioD Efficiencies without and with KI 
(value in brackets} and synergistic parameter 
inhib 
ppm 
1 NHCl 
medium 
200 
1 400 
i IN 
H,SO. 
1 JOO 
i 500 
BABD 
IE '/ownhout 
(v. i ihO02% 
82 77(92 31) 
85 0:c96 63) 
Wiihoui (w iih 
0 03 % KI) 
93 45(99 51) 
95 87 (99 76) 
S 
1 07 
2 12 
3 48 
" ^ 
ABD 
IE % V.TilOUl 
t«-i6 0 02% 
KI) 
-: 53(90 26) 
-5 27(95 51) 
S 6 t 9 ( 9 - g 2 ) 
59 56(99 03) 
s. 
1 39 
231 
2 87 
281 
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Fig 2 TemVln's Adsorption Isotherm Plots 
for mild s t ee l in 
A. 1 NHCl B 1 .\ H^SO, I BABD 2 ABD 
values are found 10 be more than unity, 
thereby s u g g e s t i n g t h a t the enhanced 
efllciency caused by the addition of Iodide 
ions to the macrocycUc compounds is due 
to synergistic effect [13). 
The degree of sur face coverage (9) for 
different c o n c e n t r a t i o n of macrocycllc 
compounds in 1 N ac ids were evaluated. 
Mild Sleel Corrosion • A|mal fia.vat & Quraishi 
•»-«»oL 
Fig 3 Potent lodynamlc Polarization Curves 
for Corrosion of Mild Steel 
Medium 1 M acid 
(1) No Inhibitor 
(2) 1000 ppm ABD 
(3) 1000 ppm BAB 
A straight line is obtained on plotting the 
9 us log C in both acids, suggest ing that 
adsorpt ion of macrocycUc compounds on 
t h e • m e t a l s u r f a c e obeys T e m k i n " s 
adsorpt ion Isotherm (Fig 2 a&b). 
Table 3 
Electrochemical corrosion parameters 
Inhib 
(ppm) 
Ecorr 
(mV) 
ICOIT 
(HA cm') 
Tifd slope 
mV/decade 
be ba 
1E% 
BABD 
Ecorr 
(mV) 
Icorr 
(tiA/cm") 
Tafcl slope 
mV/decade 
be ba 
IF.% 
ABD 
I N H C l Ecorr = -554V; Icorr = 350; be = 130 and ba = 60 
200 
400 
1000 
400 +KI 
-560 1 124 
-565 • 96 
-570 i 70 
-545 1 68 
140 
145 
140 
140 
65 
60 
70 
70 
64.57 
72 57 
80 00 
80.57 
-566 
-570 
-572 
166 
120 
78 
-560 i 84 
142 
145 
140 
138 
68 
72 
70 
65 
52.57 
65.71 
77.71 
76.00 
I N H j S O j Ecorr = -580V; Icorr = 380; • be =• 110 and ba = 55 
200 
500 
1000 
500 +K.I 
-578 
-576 
-596 
-582 
110 
90 
55 
68 
120 
125 
128 
130 
60 
64 
66 
65 
71.05 
76.32 
85.52 
82.11 
-582 
-578 
-592 
-584 
140 
100 
65 
68 
125 
128 
134 
140 
60 
62 
65 
68 
63.16 
73 68 
82.89 
82 10 
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Potentlodynamic Polarization Studies 
The values of E„,, 1„„ IE and Tafel slopes 
b^ and b^ obtained from poteniodynamic 
polarization curves in the two ac ids in 
absence and presence of inh ib i io rs are 
given In Table 3 . It is found that the 
presence of Inhibitor causes decrease In 
I„„ values. The maximum decrease is 
ob ta ined a t opt imum concentration of 
Inhibitors In both acids (Fig 3 a&b). It is 
also found that these compounds do not 
cause significant change of E^ ^^  b^ and 
b, values, thereby suggesting that they are 
of mixed type inhibitor (14. 15). 
CONCLUSION 
Both the investigated macrocycl ic 
inhibitors Inhibit the corrosion of mild 
steel In acid solutions - bel ter In 
sulphuric acid solutions. 
• BABD gives a better perfonnance than 
ABD In both acids. 
• Potentlodynamic polarization s tud ies 
show that inhibition of corrosion by 
t h e s e inhibitors Is u n d e r mixed 
control. 
Bo th c o m p o u n d s obey T e m k i n ' s 
adsorption Isotherm. 
• Presence of KI c a u s e s s y n e r g i s t i c 
effect on inhibitive performance in all 
cases. 
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Macrocyclic Compounds as Corrosion inhibitors 
MJ< Quraisht, J Rawat and M Ajmal' 
ABSTRACT 
The Lijhtence of three macwcyciK compounds on corrosion of 
mad steel (MS) in hydixxMonc aad (HO) was investigated 
using weight loss, potenaodynamxc polanzaHon. alternating 
current (AC) impedance, ana hydrogen permeation tech-
ruqu£S. AU the investigated compounds showed significant 
ejpciencies and reduced permeation of hydrogen through MS 
m HCL Inhibition efficiency (lEi vaned with the nature and 
concentrations of the inhibitors temperature, and concentra-
ttons of the acid solutions. The oddition, of iodide tons ff-j 
increased lEofaii the tested compounds as a result of the 
synergistic effect. Potentiodynamu: f>olarization results re-
vealed that macrocycUc compounds acted as mixed inhibitors 
m 1 M HCl to5 M HCL Adsorption on the metal surface 
obeyed Temkm's adsorption isotherm. Auger electron spec-
troscopy (AES) of the polished MS surface, exposed with 
tetraphenyldithia-octaazacydotetradeca-hexaene (FTAT) 
proved adsorption of this compound on the surface through 
nitrogen and sulfur atoms 
KEY WORDS. odsorptiorL Auger electron spectroscopy, 
hydrogen permeation, impedance, inhibition, macrocyclic 
compounds, potentuxtynorruc polaruatian. synergism. 
INTTRODUCTION 
Most of the research work on macrocyclic com-
pounds has been done on synthesis, design, and 
characterization of metal complexes. ' ^ A survey of 
Submitted for publicauon October 1997 In revised form July 
1998 
' Corrosion Research Laboratory Department of Applied Chemistry 
Faculty of Engineering and Technology Allgarh Muslim 
Unrversity Aligarh 202002 Uttar Pradesh India 
the literature revealed that despite the high ability of 
macrocyclic compounds to interact strongly with 
metal surfaces, little investigation has been made 
of the compounds' use as corrosion inhibitors 
Agarwala and coworkers studied the inhibitive action 
of porphyrins pithalocynins and found them to be 
potential inhibitors for steel In acid chlonde environ 
m e n t s . " Irihibition of corrosion of a lummum using 
cobalt-tetrasulphatocyarun (CTSC) was studied by 
Pillai, ct al., who found that the inhibition efficiency 
(IE) of this compound was > 78% even at a very low 
concentration (2 x 10"^ M) in 2 M hydrochloric acid 
(HCl) ' The corrosion inhibiting property of these 
compounds is attributed to their molecular struc-
ture. The planarity [K] and lone pairs of electrons 
present on heteroatoms are the Important structural 
features that determine the adsorption of these mol-
ecules on the metal surface.' 
In continuation of the work on the development 
of mtrogen- and sulfur-containmg Inhibitors for acid 
media,*"" the influence of three macrocyclic com-
pounds on corrosion of mild steel (MS) in the 
presence of 1 M HCl to 5 M HCl was studied The 
mvesugated compounds were: 
—-2.3,9.10-tetraphenyl-6,13-dithia-1,4,5, 
7,8.11.12,14-octaazacyclotertradeca-l,3 6 8,10 13 
hexaene (PTAT), 
— 3.4.9.10-tetraphenyl-7,12-dithia 1.2.5.6 8 11 
hexaazacyclobidecane-2.4.7,8,10,12 hexaene (PTAB) 
and 
— 3.4,9, lO-tetraphenyl-7.12-dioxa-1,2,5.6.8 11 
hexaazacycIobidecane-2 4,7.8,10,12-hexaene (PO.ABl 
- Reprinted tram CORROSION Vol 54 No 12 pp 996 1002(1998) December 
Cop>TGlt •'99S by NACE In'ernational P O Box 218340 Houston Texas 77218-8340 
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TABLE 1 
Names and Struaural Formulas of Macrocyclic Compounds 
Structure Formula Designation and Abbreviation 
(Q>^-.M 
M-N—N 
1 
H - H — H 
1 
S = C C = S 
I I 
H - N —N N—N —H 
Tetraphenyl-dithia octaaza 
cyclotetra decahexaene 
(PTAT) 
<^c-cXO) 
, / \ . 
H . N 
Tetraphenyl dithia hexaaza 
cyciobidecane hexaene 
(PTAB) 
I I n 
N N 
Tetraphenyl-dioxa hexaaza 
cyciobidecane hexaene 
(POAB) 
TABLE 2 
IE and Corrosion Rates lor Dilferent Concentrations of Macrocyclic Compounds 
ml M,3 M, and 5 M Ha from Weigtit-Loss Measurements at 40'C for 3 ti 
Concentration 
(ppm) 
1 MHCI 
25 
50 
100 
200 
300 
400 
500 
3 MHCI 
100 
200 
300 
400 
500 
600 
700 
5 MHCI 
500 
700 
1,000 
1 500 
2 000 
IE 
(%) 
_ 
6 3 8 
67 4 
74 5 
76 8 
79 5 
80 1 
81 4 
_ 
6 4 3 
79 5 
82 4 
8 4 2 
87 7 
8 8 9 
90 1 
_ 
5 2 ^ 
57 8 
70 2 
80 4 
84 1 
PTAT 
Corrosion Rate 
(mm/y) 
16 81 
6 08 
5 47 
4 27 
3 90 
3 43 
334 
311 
57 76 
20 57 
11 84 
1016 
910 
7 10 
6 40 
5 66 
139 49 
66 59 
58 74 
41^6 
27^5 
2215 
IE 
(%) 
_ 
52 4 
57 4 
6 4 0 
71 5 
76 8 
79 0 
79 2 
_ 
4 6 6 
5 4 0 
61 0 
66 1 
66 3 
71 1 
74 9 
_ 
32 6 
40 0 
4 8 3 
59 9 
62 5 
PTAB 
Corrosion Rate 
(mnVy) 
1581 
7 98 
7 1 5 
6 03 
4 78 
3 90 
3 52 
3 48 
57 76 
31 19 
26 56 
22 47 
1955 
19 45 
16 67 
1448 
139 49 
93 94 
83 58 
72 11 
55 86 
52^8 
IE 
(%) 
_ 
45 0 
53 3 
61 3 
6 8 5 
74 3 
75 1 
78 1 
_ 
44 01 
5 3 0 
6 0 2 
61 4 
67 7 
70 5 
72 0 
_ 
3 0 0 
36 0 
45 1 
55 1 
61 4 
POAB 
Corrosion Rate 
(mm/y) 
16 81 
9 24 
784 
650 
5^9 
4 31 
417 
3 66 
57 76 
32 32 
27 11 
22 94 
22.29 
1866 
1704 
16 16 
139 49 
97 56 
89 20 
76 48 
62 36 
53 72 
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100 3 0 0 5 0 0 
Concentration (ppm) 
(a) 
1 3 5 
Acid Concentration (M) 
(b) 
^ 0 5 0 6 0 7 0 2A 48 72 
Temperature (°C) Time (h) 
(c) (d) 
FIGURE 1. Variation of IB with: (a) inhibitor, concentration (ppm) at 4ff'Cin 1M HCt, (b) concentration (M) ol HCI containing 
500 ppm of inhibitor at4CFC. (c) temperature in centigrade in 1 M HCI containing 500 ppm of inhibitor, and (d) immersion 
time (h) at room temperature (35'C± 2°C) in 1M HCI containing 500 ppm. concentration of inhibitor (1, PTAT:2, PTAB;and 
3, POAB). 
EXPERIMENTAL 
Materials 
MS strips composed of (v.t%): 0.14% C, 0.35% 
Mn. 0.17% Si. 0 .025% S. 0.03% P. and balance Fe 
were used. For weight-loss measurements, MS strips 
2 cm by 2 cm by 0.25 cm (0.788 in. by 0.788 In. by 
0.098 In.) were used . For potentiodynamic polariza-
tion, electrochemical impedance, and hydrogen 
permeation studies. MS strips with an exposed area 
of I cm^ (0.16 In,') were used. 
MS specimens were polished mechanically with 
emery papers of 1/0 to 4 / 0 grades. They were 
dcgreased subsequently with trichloroethylene 
(CCla=CHCl) and dried at room temperature. Double-
distilled water and analytical reagent-grade HCI were 
used for preparing solutions. A mixture of 2% formic 
acid (HCOOH) + 10% to 12% acetone (CHjCOCHJ 
was used to dissolve the macrocyclic compounds. 
Inhibitors were synthesized in the laboratory follow-
ing procedures reported previously, 
compounds are given in Table 1. 
• The macrocyclic 
' Trade name. 
Procedure 
Weight-Loss Studies — Weight-loss exp>eriments 
were done according to ASTM methods described previ-
ously.'^'" Tests were conducted in 1 M HCI to 5 M HCI 
for 3 h at 40°C with different concentrat ions of inhibi-
tors and in 1 M HCI containing 500 ppm of each inhibi-
tor at four temperatures from 40°C to 70''C for 1 h 
and at room temperature (35°C ± 2°C) for 24 h to 96 h 
Potentiodynamic Polarization Studies — Polariza-
tion curves were recorded potentiodynamically 
(1 mV/s) using an EG&G Princeton Applied Research 
(PAR) Model 173* potenUostat /galvanostat , a Model 
175* universal programmer, and a Model RE0089' X-Y 
recorder at 35°C ± 2°C. The cell assembly consisted 
of a MS working electrode, plat inum as the counter 
electrode, and a sa tura ted calomel electrode (SCE) as 
the reference electrode. 
Electrochemical Alternating Current (AC) Impedance 
Studies — Nyquist plots for MS in 1 M HCI containing 
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TABLE 3 
IE ol Macrocyclic Compounds 
Obtained from Weight Loss Measurements 
in Absence and Presence of Kl at 40° C for ^ fi 
Inhibitor 
Concentrat ion 
(ppm) 
1 M HCI 
300 
300 
3 M H C I 
500 
soo 
5 M H C I 
1 000 
1 000 
Kl 
Concentration 
(%) 
-
0 02% 
-
0 05% 
-
0 1 % 
PTAT 
79 5 
85 6 
87 7 
90 8 
70 2 
80 6 
IE(%) 
PTAB 
76 8 
80 9 
66 3 
75 7 
48 3 
66 0 
POAB 
74 3 
78 4 
67 6 
78 7 
45 1 
60 0 
500 ppm concentration of three macrocyclic com-
pounds were recorded using an EG&G PAR Model 
M6310* system w t h M398* software a t SCC ± 2°C 
Hydrogen Permeaxion Studies — Hydrogen 
permeation studies were earned out a t 30°C ± 2°C 
us ing an adaptation of the modified Devanathan-
Stachurski two-compartment cell.'^'* Hydrogen 
permeation currents were recorded using a s tnp 
cha r t recorder in the absence and presence of 
500 ppm of PTAT and PTAB m 1 M HCI 
Auger Electron Spectroscopic (AE^) Studies — 
AES studies were done on uninhibited and inhibited 
MS samples usmg an Auger electron sf>ectroscope 
(Vanan CMA VT-112'). Specimens were polished us-
ing different grades of emery papers, dipped in 
inhibited acid •^lubon containing 500 ppm PTAT and 
300 ppm PTAT + 0 1% potassium iodide (Kl) for 3 h. 
n n s e d with tnple-distilled water, and dned at room 
temperature Sf)ecimcns were fixed onto a sample 
holder and mtroduced into a fast-entry air lock 
(FEIAL) chamber maintained at a vacuum level of 
10-" torr (1 33 X 10^ Pa) After degassing, the speci-
mens were transferred into the preparation chamber 
Again, specimens were kept long enough to facilitate 
further degassing Then, specimens were mtroduced 
mto the analyzer chamber. The area of mterest was 
selected with the help of a scanning electron micro-
scope (SEM) attached to the ms t rument and exated 
with a 3-keV electron beam The depth resolution 
was 2 A to 20 A-
RESULTS AND DISCUSSION 
Weight-Loss Studies 
Table 2 shows the values of IE and corrosion rate 
obtained from weight-loss measurements for different 
concentrations of these compounds in 1 M. 3 M. and 
5 M HCI Maximum IE was 500 ppm, 700 ppm. and 
2 000 ppm m 1 M 3 M, and 5 M HCI. respectively 
0 80 
070 
060-
0 5 0 -
090 
030-
070-
060 
0 5 0 -
0 9 0 -
0 7 0 
0 50 
0 30 
FIGURES. Temkin's adsorption isotherm plots for MS in (a)IMHCI, 
(b) 3 M HCI, and (cj 5 M HCI containing macrocyclic compounds 
(1. PTAT, 2. PTAB. and 3, POAB) 
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Current Density {pklax^) 
FIGURES. Typical potentiodynamic polarization curves lor MS in: (a) 
1M HCI containing 500 ppm of rr^crocyclic compounds, (bj 3 M HCI 
containing 700 ppm of macrocycSc compounds, and (c) 5 M HCI 
containing 1,000ppmofmacrocytJiccompounds(1,blank;2, POAB; 
3. PTAB; and 4, PTAT). 
The influence of Inhibitor concentration on IE in 1 M 
HCI Is illustrated in Figure 1(a). It was evident that IE 
increased as the concentration of Inhibitor increased. 
IE of macrocyclic compounds followed the order: 
PTAT > PTAB > POAB. The difference in inhlbiUve 
action of three macrocyclic compounds was ex-
plained on the basis of their molecular structure. 
PTAT contained 10 hetcroatoms (8 nitrogen and 2 
sulfur) as reactive centers through which it adsorbed 
on the metal surface and gave an IE of 83%, while 
PTAB and POAB contained only 8 heteroatoms as 
reactive centers. Compounds containing nitrogen and 
sulfur atoms are reported to be better inhibitors than 
those containing nitrogen and oxygen atoms a lone ." 
Hence. PTAB (6 nitrogen and 2 sulfur) gave better 
performance as a corrosion inhibitor than POAB 
(6 nitrogen and 2 oxygen) atoms. 
From Figure 1(b). it was clear that the increase 
of acid concentration from 1 M to 3 M did not cause 
significant changes In IE values. However. IE for all 
the macrocyclic compounds decreased in 5 M HCI as 
a result of the increase in aggressiveness of HCI. The 
effect of temperature on IE of macrocyclic com-
pounds is shown in Figure 1(c). The increase in 
temperature from 40°C to 60°C increased IE. and a 
further increase in temperature (> 60°C) decreased IE 
"caused by the desorption of inhibitor from the metal 
surface. The effect of immersion time on IE is illus-
trated in Figure 1(d). Obviously. IE increased with 
immersion time. The increase in IE with time could 
be attributed to formation of a barrier film, which 
prevented the attack of acid on metal surface. 
Table 3 gives values of IE for specific concentra-
tions of inhibitors in combination with KJ in different 
concentrations of HCI at 40°C and shows that IE 
increased with the addition of iodide (I") ions for all of 
the compounds. This was a result of the synergistic 
effect, '* according to which I* ions initially were 
chemisorbed strongly on the metal surface. The pro-
tonated macrocyclic compounds then were adsorbed 
by coulombic attraction on the metal surface. This 
increased the surface coverage (6). which helped in 
enhancing IE even at a smaller concentration of mac-
rocyclic compounds. Similar synergistic effects have 
been reported in nitrogen-containing compounds 
with KI in acid media.**-** 
Adsorption Isotherm — It was assumed tha t IE 
was equal to 6. A plot of 6 vs log c (inhibitor concen-
tration) gave straight lines in acid solutions (Figures 
2(a| through [c]). This showed tha t the adsorption of 
macrocyclic compwunds on the MS surface in 1 M. 
3 M, and 5 M HCI obeyed Temkin's adsorption iso-
therm. This also pointed to corrosion inhibition by 
these comfwunds being a result of their adsorption 
on the metal surface. 
Potentiodynamic Polarization Studies — The 
polarization behavior of MS in 1 M. 3 M, and 5 M HCI 
in the absence and presence of the maximum con-
centration of inhibitor studied is shown in Figures 
3(a) through (c). Electrochemical parameters such as 
corrosion current density (i,^) and corrosion poten-
tial (E„„) calciilated from Tafel plots are given in 
Table 4. l„„ decreased with a n increase In inhibitor 
concentration. The maximum decrease in i^^ was 
500 ppm concentration of each of the macrocyclic 
compounds. Results also indicated tha t all of these 
compounds did not shift Ej,„ values significantly in 
1 M, 3 M. and 5 M HCI. 
Electrochemical Impedance Studies — AC mea-
surements were earned out a t E,„ for the frequency 
range from 10 kHz to 100 mHz. Nyquist plots ob-
tained from the Impedance s tudies in 1 M HCI 
containing 500 ppm concentration of inhibitors are 
shown in Figure 4. Various parameters such as 
charge-transfer resistance (RJ, double-layer capaci-
tance (CJ, and i ,^„ were obtained from impedance 
measurements (Table 5).^' R< values were calculated 
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TABLE 4 
Electrochemical Polarization Parameters for Corrosion of MS in 1 M,3 M, and 5 M HCI 
in the Presence of Different Concentrations of t\Aacrocyclic Compounds at35'-Ci:2'C 
PTAT PTAB POAB 
Concentration 
(ppm) 
1 MHCI 
50 
100 
300 
400 
500 
3 MHCI 
100 
300 
500 
700 
5 MHCI 
500 
700 
1.000 
2,000 
' co^ 
(nA/cm') 
350 
86 
78 
82 
76 
74 
1.200 
374 
346 
176 
163 
4.0O0 
720 
550 
340 
330 
E ^ 
(mV) 
- 5 5 4 
- 5 5 0 
- 5 5 2 
- 5 5 6 
- 5 5 8 
- 5 6 0 
- 5 6 8 
- 5 7 4 
- 5 7 8 
- 5 6 2 
- 5 6 5 
- 5 2 0 
- 5 2 8 
- 5 3 6 
- 5 3 0 
- 5 3 8 
IE 
(%) 
_ 
75 4 
77 5 
76 5 
78 2 
78 8 
_ 
68 8 
71 2 
85.3 
86 4 
_ 
82 0 
85 2 
91.5 
91.7 
i«^ 
(uA'cm') 
350 
140 
r.o 
120 
100 
90 
1,200 
467 
436 
360 
263 
4 000 
1.000 
920 
640 
550 
E ^ 
(mV) 
-554 
-564 
-560 
-562 
-552 
-562 
-568 
-567 
-566 
-574 
-573 
-520 
-524 
-524 
-526 
-524 
IE 
(%) 
— 
60 0 
68 5 
65 7 
71 4 
74 2 
_ 
61 1 
63 7 
70 0 
78.1 
_ 
75 0 
77 0 
84.0 
86.0 
U«>r 
(uA/cm') 
350 
190 
160 
150 
135 
120 
1.200 
529 
462 
387 
356 
4,000 
1,800 
1,200 
1,100 
1,000 
E ^ 
(mV) 
-554 
-554 
-552 
-562 
-550 
-560 
-558 
-566 
-570 
-574 
-578 
-520 
-524 
-530 
-526 
-522 
IE 
(%) 
_ 
45 7 
54 2 
57 1 
61 4 
65 7 
_ 
55 9 
51 5 
67 8 
70 3 
_ 
55 0 
70 0 
72.5 
75 0 
from the difference in impedance a t lower and higher 
frequencies a s suggested by Tsuru and Haruyama ." 
These i<,„ values were calculated u s i n g the S tem-
Geary equation. 
Cj, values were calculated from t h e frequency at 
which the imaginary component of impedance was 
maximum (2^, max) using the relation: 
C - - J - x l (1) 
where f„>„ is the frequency a t which the imaginary 
component of impedance is maximvim. The addition 
of macrocyclic compounds increased R, values and 
decreased C<a in 1 M HCI. These observat ions indicated 
the corrosion of MS in 1 M HCI was controlled mainly 
by the charge-transfer process, a n d the inhibition of 
corrosion occurred by adsorption mechanism. 
Hydrogen Permeation Studies — Curves of hydro-
gen permeation current vs time for MS in 1 M HCI in 
the absence and presence of 500 p p m PTAT and FTAB 
are shown in Figure 5. Both compounds brought about 
reduction in the permeation cur ren t . The reduction 
in hydrogen uptake could be a t t r ibuted to adsorption 
of macrocyclic compounds on t h e MS surface, which 
prevented permeation of hydrogen into metal. 
AES Studies — AES for polished MS surface and 
exposed to a solution of PTAT. PTAT + KI are shown 
in Figures 6(a) through (c). The appea rance of peaks 
a t 378 eV and 152 eV confirmed t h e adsorption of 
PTAT on MS surface through nitrogen and sulfur 
atoms. Similarly, appearance of peaks a t 511 eV, 
379 eV. and 152 eV proved the presence of iodine. 
10 100 300 500 700 
2 , (Q-cnf) 
900 
FIGURE 4. fJyquist plots for MS in 1 M HCI in attsence and presence 
of 500 ppm of macrocyclic compounds (1, blank:2, POAB;3. PTAB; 
and4, PTAT). 
nitrogen, and sulfur atoms, respectively, on MS in-
hibited with PTAT in presence of KI. 
CONCLUSIONS 
<• All the macrocyclic comf>ounds acted a s efficient 
corrosion inhibitors in HCI. 
• Inhibition of corrosion of MS in the presence of 
these macrocyclic compounds was unde r mixed con-
trol in 1 M HCI to 5 M HCI. 
• All the macrocyclic compounds Inhibited corrosion 
of MS by being adsorbed on the metal surface. 
<• PTAT and PTAB reduced the permeat ion c\irrent 
considerably in 1 M HCI. 
• Adsorption of macrocyclic compounds on the MS 
surface from the HCI solution obeyed Temkin's ad-
sorption isotherm. 
C O R R O S I O N - V o l . 54, No . 12 1001 
243 
CORROSION SCIENCE SECTION 
TABLE, 5 
Impedance Parameters for MS in 1 M HCI 
Containing 500 ppm of the Macrocydic Compounds 
Inhibitor 
Concentration R, C^ 
(ppm) (O-cm') (uFlcm^ CuF/cm') 
IE 
(%) 
1 WHCI 
PTAT 
PTAB 
POAB 
115 
1,156 
962 
500 
12,832 
1,464 
1,758 
3,384 
155.2 
13.5 
16.5 
35.6 
-
90.0 
88.0 
77.0 
S 6 7 
Time (min) 
RGURE 5. Curves of tiydrogen permeation current vs time for MS in 
1 M HCI in absence and presence of 500 ppm of macrocydic 
inhibitors (1, blank; 2. PTAB: and3. PTAT). 
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Abstract *. 
Maaocydic compounds constitute a potential dass of 
corrosion inhibitor. In an attempt to develop effective 
corrosion inhibitors we have synthesized four macrocydic 
compounds by condensing o-ethylene diamine and o-
phenylene diamine with ethylacetoacetate and sucdnic 
add. Their inhibiting action was evaluated on con-osion of 
mild steel in HCI and HjSO^ by weight loss and potentiody-
namic polarization methods. A Maaocydic compound 
derived by condensing o-phenylene diamine with ethylace-
toacetate exhibited best performance by giving IE of 98 
percent at SOOppm concentration. The potentiodynamic 
polarization studies revealed that the tested compounds 
are either mixed type or predominantly cathodic inhibitors. 
IE of all the investigated compounds inaeased significant-
ly on addition of a small concentration Kl in both acids due 
to synergism. 
Introduction 
The study of organic compounds as corrosion 
inhibitors has both scientific and technologi-
cal significance. Corrosion scientists and 
engineers have shown a great deal of interest 
in the study of macrocylic compounds as 
corrosion inhibitors in recent years owing to 
their significant corrosion inhibiting proper-
ties for industrial metals and alloys [1,2]. In 
previous studies we have synthesized a few 
schififs bases or anils by condensing an amine 
and a carbonyl compounds and evaluated 
their inhibiting action towards corrosion of 
mild steel in acidic solutions. The inhibition 
efficiency for all these compound have been 
found to be greater than those for correspond-
ing amines [3,4]. In present investigations we 
have synthesized four macrocydic 
compounds, namely: 2,3: 9,10 - dib>enzo- 7, 
14-dimcthyl-5, 12-dioxo-1,4,8,11-tctraaza-
cyclotetradcca- 1,7-diene (BMOAT), 7, 14-
dimethyl-5,12-dioxo- 1,4, 8, 11 -tetraazacy-
clotetradeca- 1, 7-diene (MOAT), 7, 8:15, 
16-diben20-2,5, 1 O, 13-tetraoxo- 1,6,9, 14-
tctraazacydohexadecane (BOAH), 2, 5,10, 
13-tctraoxo-l, 6,9, H-tetraazacyclohexade-
cane (OAH) to study their inhibiting action 
on corrosion of mild steel in acid media. 
Experimental procedures 
Mild steel strips having size 2cm x 2cm x 
0.025cm (C = 0.14 percent, Min = 0.35 
percent. Si = 0.017, S = 0.25 percent, P = 
0.03 percent and the rest being iron) were 
used for weight loss measurements. For 
potentiodynamic polarization studies, mild 
steel strips of the same composition coated 
with lacquer with an exposed area of Icm^ 
were used. MS strips were polished with 
emery papers of 1/0, 2/0, 3/0, and 4/0 grade 
and degreased with trichloroethylene. AR 
grade HCI (MERCK) was used for preparing 
solutions. Double distilled water was used to 
prepare solutions of INHCl and IN HjSO^ 
for all experiments. Weight loss studies were 
done using the ASTM standards [5]. 
Potentiodynamic polarization studies were 
carried out using the EG & G, PARC model 
173, potentiostat/galvanostat universal pro-
grammer, model 175 and with x-y recorder, 
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model RE 0089. A platinum foil was used as 
the auxiliary electrode, a saturated calomel 
electrode was used as the reference electrode 
and mild steel specimen as working electrodes 
for potentiodynamic polarization studies. 
Macrocyclic compounds were synthesized 
in the laboratory following procedures as 
described in literature [6] and characterized 
by spectral data. Molecular structure and 
other details of the inhibitors used in the 
present studies are given in Table I. 
Results and discussion 
Weight loss experiments were carried out in 1 
N HCl and 1 N HjSO^ at different concentra-
tions, temperatures and "immersion time. The 
results given in Table n show that IE increases 
with the increase in inhibitor concentradon 
for all of the compounds and reaches maxi-
mum at an optimum concentration of 
l ,000ppm in both acids. The effect of 
inhibitor concentration on IE in HCl and 
H2SO4 has also been illsuated in Figure 1 (b 
ande) . 
The bener performance of the BMOAT 
and BOAH as corrosion inhibitor than that of 
MOAT and OAH may be attributed to the 
presence of aromatic rings containing 7t 
Table I Structures of maaocydic compounds 
S.No. 
1 
2 
3 
4 
STRUCTURAL 
FORMULA 
N H-H L ) 
H—>N N^—H 
0=^ ^ 0 
0=<^ ^ 0 
DESIGNATION AND 
ABBREVIATION 
7,14-<)imethy)-5.12-dioxi>-l ,4,8, 
1 l-tetraa2acYcJotetradeca-l,7-dieni 
(MOAT) 
2,3:9,10-dibenz(>-7,14-dimethv1 
-5,12-dioxo-),4,8,l l-tetraaza-
cyclotetradeca-l ,7-diene 
(BMOAT) 
2,5,10,13-letraoxo-l,6,9,14-
tetraazacyclohexadecane 
(OAH) 
7,8.15.15-<iiben2o-2,5.10,13-
tetraoxo-1,6,9,14-tet;aazacyclo-
hexadecane 
(BOAH) 
electrons, which facilitate greater adsorption 
of BMOAT and BOAH on the metal surface. 
On the other hand, MOAT and OAH show 
lesser inhibition efficiency due to the lack of 
aromatic nngs m these compounds. Desai et 
aL [7] have also reported that the condensa-
tion products derived from aromatic amines 
and carbonyl compounds give better inhibi-
tion efficiency than those derived from 
ethylene diamine and carbonyls. 
Figures 1 (a and d) show the variation of IE 
with temperature. In both the acids, it is 
found that IE decreases with the increase in 
temperature. This indicates the fact that the 
inhibitor film formed on the metal surface is 
less protective in nature at high temperature. 
The desorption of the irihibitor molecules 
from the metal siuface occurs at a faster rate 
at high temperature [8]. 
The variation of inhibition efficiency with 
immersion time in both acids has been shown 
in Figure 1 (c and f). The IE increases with 
the increase in immersion time. The increase 
in IE with increasing immersion time may be 
attributed to the formation of a barrier film 
which prevents the attack of add on metal 
surface. 
The better inhibition efficiency observed in 
IN HCl tiian that of IN HjSO,, may be 
explained by the fact that chloride ions being 
less hydrated than sulphate ions are preferen-
tially adsorbed on the metal surface, thereby 
creating an excess negative charge towards the 
solution phase which favours synergistic 
adsorption of protonated inhibitors on the 
metal surface [9, 10]. 
The values of IE for specific concentrations 
of inhibitors in combination with KI given in 
Table III show that IE increases with the 
addition of iodide ions for all of the com-
pounds in the range of 10-40 percent. The 
similar synergistic effect has been reported by 
Quraishi et a/. [11, 12]. The results obtained 
from potentiodynamic studies Table IV and V 
also substantiate the synergistic behaviour of 
macrocyclic compounds in presence of KI. 
Adsorption isotherm 
The plots of surface coverage 9 V^ log C give a 
straight line in both acid solutions Figure 2(a 
and b), and show that the adsorption of 
macrocyalic compounds on mild steeL'acidic 
solution interface obeys Temkin's adsorption 
isotherm 
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Table II Corrosion parameters obtained from weight loss studies in 1N HCI and ^ U HjSO^ containing different 
corKentration of maaocydic compounds at 40°C for three hours 
Inhibitor 
concentration 
(ppm) 
No inhibitor 
BMOAT 
100 
200 
300 
400 -
500 
1000 
MOAT 
100 
200 
300 
400 
500 
1000 
BOAH 
100 
200 
300 
400 
500 
1000 
OAH 
100 
200 
300 
400 
500 
1000 
INHCi 
I.E. 
(percent) 
-
64.4 
77.5 
82.7 
85.0 
90.2 
98.5 
48.1 
62.9 
64.7 
68.1 
71.9 
84.6 
56.1 
66.2 
70.7 
74.1 
74.9 
88.0 
47.5 
53.1 
63.3 
68.5 
68.9 
83.5 
CR. 
(mmpy) 
12.39 
4.41 
2.78 
2.13 
1.85 
1.20 
0.18 
7.19 
4.59 
4.36 
3.94 
3.48 
1.90 
5.43 
4.17 
3.62 
3.20 
3.05 
1.46 
6.50 
5.80 
4.55 
3.90 
3.85 
2.04 
1N HjSO^ 
I.E. 
(percent) 
-
30.5 
37.1 
40.2 
50.0 
51.4 
65.2 
20.3 
28.3 
31.1 
40.5 
42.4 
54.1 
23.0 
32.7 
35.9 
41.2 
46.3 
59.7 
10.9 
18.6 
21.1 
25.2 
27.1 
31.3 
CR. 
(mmpy) 
19.13 
13.28 
11.23 
11.82 
9.40 
9.13 
6.52 
15.23 
13.69 
13.14 
11.37 
11.00 
8.77 
14.72 
12.64 
12.25 
11.23 
10.26 
7.70 
17.04 
15.55 
15.09 
14.30 
13.93 
13.14 
Potenttodynamic polarization studies 
The cathodic and anodic polarization behav-
iour of mild steel in I N HCI and IN HjSO^ 
in absence and presence of optimum concen-
tration of each inhibitor are shown in 
Figtire 3 (a and b). Tables liV and V give 
values of corrosion cujrrent (I^g„), corrosion 
potential (E^.^^), cathodic and anodic Tafel 
slopes b^ and b^ for all inhibitors in IN HCI 
and IN HjSO^ respectively. It can be seen 
that all these compounds give significandy 
lower L„ values and maximum decrease in 
COCT 
I ^ ^ . values at 1,000 ppm of each inhibitor in 
both acids. These results reveal that macro-
cyclic compounds do not shift E^^j^ values in 
1N HCI but bring about slight shift of E ^ ^ 
values in 1-N HjSO^ towards negative side. 
These observations indicate that they are 
mixed type inhibitors in HCI and predomi-
nantly cathodic in HjSO^. The Tafel slope 
values do not change significantly in acidic 
sotutions in presence of these compounds, 
suggesting that these compounds inhibit the 
corrosion of mild steel by blocking the active 
sites of steel surface [12]. 
Mechanism of corrosion inhibition 
The plausible mechanism of corrosion inhibi-
tion of mild steel in IN HCI and IN H2SO4 
may be explained on the basis of adsorption. 
In acid solutions macrocyclic compounds 
exist as protonated species, which can adsorb 
on the cathodic sites of mild steel and 
decrease the evoluuon of hydrogen. The 
adsorption of these compounds on anodic 
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Figure 1 Variation of IE with temperature in 1N HCI (a), 1N HjSO^ (d), inhibitor concentration in 1N HCI (b), 1N H^SO^ (e), 
immersion time in 1N HCI (c), 1N HjSO^ (0 1. BMOAi; 2. MOAT, 3. BOAH, 4. OAH 
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sites through lone pairs of electrons of nitro-
gen and K electrons of benzene ring may 
decrease anodic dissolution of mild steel. 
Conclusions 
' All of the macrocyclic compounds were 
found to inhibit the corrosion of mild steel 
in both acids. 
• BMOAT and BOAH gave the better per-
formance than MOAT and OAH in both 
acids. 
• All of these compounds performed well in 
both acids, even for long duration immer-
sion tests conducted for 96 hours. 
• Adsorption of these compounds on the 
mild steel surface from both acids was 
Table III Inhibition efficiencies obtained from weight loss studies in absence and presence of Kl with different 
concentration of macrocyclic compounds in 1N HCI and 1N H2SO4 at 40°C fw three hours 
Inhibitor 
concentration 
(ppm) 
IN HCI 
300 
300 
400 
400 
INHjSO^ 
400 
400 
500 
500 
Kl 
concentration 
(percent) 
-
0.02 
-
0.02 
-
0.03 
-
0.03 
BMOAT 
82.77 
97.38 
85.02 
98.88 
50.00 
98.30 
51.46 
99.27 
MOAT 
64.79 
95.88 
68.16 
98.50 
40.53 
83.90 
42.48 
87.86 
BOAH 
70.78 
97.75 
74.16 
99.25 
41.26 
96.36 
46.36 
98.54 
OAH 
63.30 
70.64 
68.54 
77.52 
25.24 
78.88 
27.18 
91.75 
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Table IV Electrochemical polarisation parameters of mild steel in 1 N HCI in presence of different concentrations of 
macrocyclic compoonds with and without Kl at 35±2°C 
inhibitor 
concentration 
(ppm) 
No inhibitor 
B MOAT 
100 
400 
1000 
400 + Kl 
MOAT 
100 
400 
1000 
400 + Kl 
BOAH 
100 
400 
1000 
400 + Kl 
OAH 
100 
400 
1000 
400 + Kl 
corr 
(mv) 
-554 
-546 
-532 
-526 
-534 
-544 
-530 
-522 
-534 
-548 
-544 
-530 
-528 
-548 
-546 
-520 
-522 
COtT 
|jAcm"^ 
350 
180 
130 
74 
58 
190 
120 
88 
60 
170 
120 
80 
62 
200 
130 
110 
70 
mvdec"' 
130 
120 
125 
120 
125 
120 
130 
125 
130 
120 
120 
124 
132 
110 
120 
130 
120 
mvdec"' 
60 
50 
55 
50 
45 
45 
60 
50 
50 
55 
60 
66 
68 
60 
60 
65 
65 
I.E. 
(percent) 
48.57 
62.86 
78.86 
83.43 
45.71 
65.71 
74.86 
82.86 
51.43 
65.71 
77.14 
82.69 
42.86 
62.86 
68.57 
80.00 
Table V Electrocfiemical polarisation parameters of mild steel in 1 N HjSO^  in presence of different concentrations of 
maaocydic compounds with and without Kl at SStZ'C 
Inhibitor 
concentration 
(ppm) 
No inhibitor 
BMOAT 
100 
500 
1000 
500 + Kl 
MOAT 
100 
500 
1000 
500+ KI 
BOAH 
100 
500 
1000 
500+ KI 
OAH 
100 
500 
1000 
500 + Kl 
corr 
(mv) 
-580 
-596 
-598 
-572 
-584 
-584 
-552 
-544 
-548 
-582 
-586 
-584 
-598 
-582 
-586 
-576 
-600 
corr 
jiAcm"^ 
380 
180 
120 
55 
37 
220 
140 
94 
68 
150 
130 
76 
55 
200 
180 
120 
70 
be 
mvdec"^ 
110 
110 
115 
110 
120 
no 
116 
120 
120 
125 
115 
no 
116 
120 
no 
120 
l i s 
K 
mvdec' 
55 
58 
60 
55 
60 
50 
54 
58 
60 
60 
55 
60 
58 
60 
50 
55 
58 
I.E. 
(percent) 
-
52.63 
68.42 
85.53 
90.26 
42.10 
63.16 
75.26 
82.11 
60.53 
65.79 
80.00 
85.53 
47.37 
52.63 
68.42 
81.58 
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Figure 2 Temkin's adsorption isotherm plots for mild steel in (a) 1 N HCI (b) 1 N HjSO^. 1. BMOAT, 2. BOAH, 4. OAH 
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20 
LogC 
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(b) 
found to obey Temkin's adsorption 
isotherm. 
Enhancement of inhibition efficiency for all 
the compounds in HCI as well as in H^SO^ 
in presence of KI showed the synergistic 
influence of iodide ions on inhibition 
efficiency. 
Figure 3 Potentiodynamic polarization curves for corrosion of mild steel (a) 
1.1N HCI, 2. OAH, 3. MOAT, 4. BOAH. 5. BMOAT, (b) 1.1N HjSO ,^ 2. OAH, 3. 
MOAT, 4. BOAH, 5. BMOAT 
-380 r 
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• - 5 8 0 
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INFLUENCE OF POLY AMIDE MACROCYCLIC COMPOUNDS ON THE 
INHIBITION OF CORROSION OF MILD STEEL IN ACID SOLUTIONS 
MOHAMMAD AJMAL JAVA RAWAT AND M A QURAISHI* 
Corrosion Research Laboratory, Department of Applied Chemistry. 
Faculty of Engg and Technology. Aligarh Muslim University, Aligarh (U P) 202 001 INDIA 
[Received 26 March 1998 Accepted 31 May 1998] 
Two macrocyclic compounds coataioing amide as functional group have been synthesized and their 
influence on corrosioQ of mild steel in acidic solutions (HCl and H^SO )^ have been evaluated by weight 
loss and potentiodynamic polarization methods. Inhibition efficiencies (I E) of these compounds have been 
found to vary with the nature and concentration of the macrocyclic compounds, temperature and nature 
of the acid solution. The addition of the KI increased the inhibition efficiencj of both the tested compounds 
due to syenergistic effect. Macrocyclic compound having O-phenylenediamine as a condensing component 
has been found to be more effective corrosion inhibitor in both acid solutions than that of 
O-etbylenediamine. Potentiodynamic polarization studies revealed that both the macrocyclic compounds 
are mixed inhibitors in both add solutions. The adsorption of both the macrocyclic compounds on the 
metal surface obeyed Temkin's adsorption isotherms. 
Keywords: Aad corrosion inhibitors, macrocyclic compounds, synergism, potentiodj namic polarization. 
INTRODUCTION 
The study of macrocyclic compounds is a fascinating field 
of rescarcti for co-ordination chemists Most of the •work in 
this area has been done on synthesis, design and 
charactensatjon of metal complexes of macrocyclic 
compounds [1,2] The research work of investigaUon on 
macrocyclic compounds as corrosion inhibitors has received 
little attention Agarwala ct al have studied the inhibiUve 
action of porphyrins and phthalocyanins and found them to 
be potential inhibitors for steel in acid cfalonde environment 
[3] The inhibition of corrosion of alurmnium using cobalt 
teirasulphophthalocyaninc was studied by Pillai and 
co-workers who have found the inhibition efficiency of this 
compound is greater than 78% even at a very low 
concentration (2 x 10"*) in 2 M HCl [4] 
In continuation of our work on development of macrocyclic 
compounds as corrosion inhibitors [5,6] we repwrt here the 
corrosion inhibiting behaviour of two macrocyclic 
co^ipounds, namely 3,4 11,12-dibenza-2,5,10,13-tctraoxo-
• Author for carrespondence 
1,6,9,14-tctraazacyclohexadecane (DBOAD), 3 ,47811 
12 15.16-tetrabenzo-2,5,10.13-tetraoxo-1.6,9,14-tetraaza 
cyclohexadecane(TBOAD) in hydrochlonc and sulphuric 
acid solutions 
EXPERIMENTAL 
Mild steel strips of size 2 x 2 x 0 0^5 cm (C=0 14<^/< 
Mn=0 35%. Si=0 17%, S=0 025%, P=0 03%, rest iron) were 
used for weight loss measurement studies The mild steel 
stnps of same composition coated with lacquer with an 
exf>osed area of 1 cm were used for potentiodynamic 
polarization studies The electrodes were polished witii 
emery papers of 1/0 2/0 3/0 and 4/0 grade and degreased wiili 
tnchloroethylene The acid solutions were prepared by using 
AR grade (MERCK) HCl and H^SO^ Double distilled water 
was used to prepare solutions of 1 N HCl and H^SO^ for all 
experiments The weight loss expenments were carried out 
as descnbed in [7,8] 
The potentiodynamic p>olanzation studies were earned out 
by using a EG & G PARC model 173 
potenUostat/Galvanostat, universal programmer, model 175 
and with X-Y recorder model RE0089) All expenment<; 
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TABLE I: Name and structure of inhibitors used 
Structural 
formula 
Designation and 
abbreviation 
SNo STRUCTURAL 
FORMA A 
3.4 11,12-dibenzo 2.5,10-13-
tctraoxo-l 6 9.14 tetraazacy-
clohcxadccane 
(DBOAD) 
3.4 11.12.7.8 15 16 letrabenzo-
2.5.10.13-teiraoxo-1,6 9,14-
tciraazacyclohexadccane 
(TBOAD) 
were carried out at room temperature (308 + 2 K) A 
platinum foil as the auxiliary electrode, a saturated calomel 
electrode as the reference electrode and mild steel strips as 
working electrode were used in the cell assembly for 
polarisation studies 
The inhibitors were synthesized in the laboratory following 
the procedure reported in the literature [9J The details of 
inhibitors are given in Table I 
RESULTS AND DISCUSSION 
The values of inhibition efficiency obtained from weight loss 
measurements for different concentrations of both 
macrocyclic compounds in 1 N HCl and 1 N HjSO^ 
respectively have been given in Table II it shows that both 
compounds inhibit corrosion of mild steel in acid solutions 
Moreover the efficiency increases with the inhibitor 
concentration from 100 to 1000 ppm Tlie optimum 
concentration required to achieve the maximum inhibition 
was found to be 1000 ppm. and a further increase in 
concentration did not cause any appreciable change in the 
performance of the inhibitors The effect of inhibitor 
concentration has also been shown in Figs l(b & e) 
The better performance of TBOAD as corrosion inhibitor 
than that of the DBOAD may be attnbutcd to the presence 
of four atomic nngs in it, which facilitates greater adsorption 
of TBOAD on the metal surface as compared to DBOAD 
which has only two atomic nngs 
The effect of temperature on the inhibition efficiency of both 
the compounds has been shown in Figs l(a & d) It is 
TABLE II: Corrosion parameters obfaircd from 
weight loss studies for different concentrations ol 
TBOAD and DBOAD in 1 N HCl and 
1 N H^SO^ at 313 K 
Inhibitor 
cone 
ppm 
No inhib 
TBOAD 
100 
200 
300 
400 
500 
1000 
DBOAD 
100 
200 
300 
400 
500 
1000 
IE 
(%) 
_ 
78 
82 
86 
90 
94 
96 
73 
78 
82 
87 
89 
94 
1 N HCl 
CR 
(nimpy) 
12 39 
2 69 
2 22 
1 71 
1 20 
0 78 
0 46 
3 38 
2 73 
2 22 
1 57 
i.34 
0 74 
I N HjSOj 
IE 
(%) 
77 
81 
82 
83 
85 
89 
73 
78 
81 
82 
84 
87 
CR 
(mmp>) 
19 13 
431 
3 57 
3 3^ 
3 25 
2 87 
2 55 
5 10 
4 22 
3 57 
3 38 
2 04 
2 46 
observed that I E decreases with the increase in temperature 
which may be attributed to the adsorption of inhibiior 
molecule from the metal surface at the higher temperature 
The variation of inhibition efficiency cf both the compounds 
with immersion time has been shown in Figs l(c and f) It 
IS found that IE increases with increase in immersion time 
TABLE III: Inhibition efTiciencies of TBOAD and 
DBOAD obtained from weight loss studies in 
absence and presence of KI in 1 N HCl and 
Inh 
concn 
(ppm) 
1 N HCl 
TBOAD 
200 
200 
400 
400 
DBOAD 
200 
200 
400 
400 
KI 
cone 
(%) 
-
0 02 
-
0 02 
-
0 02 
-
0 02 
1 N HjSO^ at 313 K 
IE 
(%) 
. 
82 
93 
90 
97 
78 
90 
87 
96 
Inhibitor 
cone 
(ppm) 
1 N H^SO^ 
TBOAD 
300 
300 
500 
500 
DBOAD 
300 
300 
500 
500 
KI 
cone 
(%) 
-
0 03 
0 03 
-
0 0^ 
-
0 03 
IE 
{%) 
82 
97 
85 
99 
81 
98 
84 
100 
200 
253 
AJMAL, RAWAT, QURAISHI - InOuence of polyamide macrocyclic compounds on the inhibition of corrosion of mild steel 
)00 
100 200 300 400 SCO 24 A8 72 96 
Cone.(PPM) Time(Hours) 
100 
80 
60 
4.0 
(d) 
' \ 
\ \ ^ - ^ 
\ /^~^^~^ 
- \ / 
, 
40 
00 
90 
80 
70 
(e) 
^ - - ^ ^ 
v^ ::::^ ^^ "^  
1 1 1 1 1 
too 
50 60 
TempXC) 
70 100 200 300 400 
ConcXPPM) 
500 48 72 96 
Ttme(Hours) 
Fig. 1: Variation of inhibition efficiency wth 
1(a) Temperature in I N HCl 1(b) Inhibitor concn in I N HCl 1(c) Immersion tiine in I N HO 
1(d) Temperature in I N H^SO^ 1(e) Inhibitor concn in I N H^SO^ 1(f) Immersion time in I N H^O^ 
and it may be attributed to the formation of barrier film 
which prevents the attack of acid on metal surface. 
The better pcrforroance of TBOAD and DBOAD in 1 N HCt 
than that in HjSO^ may be due to the fact that chloride ions 
being less hydratcd than sulphate ions are preferentially 
adsorbed on the metal surface thereby creating an excess 
negative charge towards the solution phase which favours 
synergistic adsorption of proSonated inhibitors on the mcta! 
surface (10.11]. 
The values of IE for specific concentration of macrocyclic 
compounds with KI have been given in Table in. It is seen 
that IE of both the macrocyclic compounds increases on the 
addition of KI due to synergism [12]. The results obtained 
from potentiodynamic studies (Table TV) also support the 
synergistic behaviour of macrocyclic compounds in presence 
of KI. The synergistic parameter (S,) is calculated using the 
relationship given by Aramaki and Hackcrman (13). 
TABLE rV: Synergistic parameters S, for 
various coDcentrations of TBOAD and DBOAD in 
H Q and H^SO^ solutions 
System 
IN HCl 
200 ppm 
400 ppm 
IN H2SO4 
300 ppm 
500 ppm 
TBOAD 
1.21 
1.53 
1.58 
20.00 
DBOAD 
1.01 
1.65 
2.88 
8.60 
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Fi%. 2: Temkin's adsorption isotherm plots for mild steel in 
(a) I N HCl (b) IN H^O^ t. TBOAD 2. DBOAD 
S, = 
( ' - I ' . . 2 ) 
where Ij + j = ('i + Ij) - (I| - I,) .I, = inhibition efficiency 
of the anion. I, = inhibition efficiency of the cation, I,^, = 
measured inhibition efficiency for the cation in combination 
with anion. Values of S, for different concentrations, of 
TBOAD and DBOAD in combination with iodide ions given 
in Table IV arc more than unity, thereby suggesting that the 
enhanced inhibition efficiency of macrocyclic compounds 
caused by the 'addition of iodide ions is due to synergistic 
effect. 
The degree of surface coverage for different concentrations 
of macrocyclic compounds in IN HCl and IN H2SO4 was 
evaluated. A straight line is obtained on plotting 6 vs log C 
in both acids, suggesting that adsorption of macrocyclic 
TABLE V: Electrochemical corrosion parameters for 
compounds on the metal surface obeys Temkin's adsorption 
isotherm. 
The values of I,^^ E^,^ and Tafel slope constant obiamcd 
from potenticdynamic polarisation curves for mild steel in 
IN HCl and IN HjSO^ alone and in the presence of different 
concentrations of macrocyclic compwunds have been given 
in Tables V and VI. It is evident from these values that 
c^oa decreases with increase in inhibitor concentration and 
maximum decrease in 1,^ ^ value was observed at optimum 
inhibitor concentration. The addition of macrocyclic 
compounds to acid solution does not cause any significant 
change in the values of E,^^ as well as b^ and b, (Figs. 3a and 
b and Tables V and VI). This behaviour suggests that the 
macrocyclic compounds are mixed type inhibitors and they 
TABLE VI: Electrochemical corrosion parameters for 
different concentrations of TBOAD and DBOAD in 
different 
Inhib 
concn 
(ppm) 
1 N HCl 
TBOAD 
200 
400 
1000 
40O+K1 
DBOAD 
200 
400 
1000 
400+KI 
concent 
corr 
(mV) 
-554 
-562 
-560 
-554 
-552 
-566 
-568 
-562 
-560 
rations oi ' TB< 
1 N H Q 
corr 
(HAcm' 
350 
160 
100 
72 
66 
180 
120 
96 
98 
OAD 
be 
^)(mVdec" 
130 
130 
140 
135 
140 
138 
130 
135 
140 
and DBOA 
, b . 
)(raVdec 
60 
60 
66 
65 
70 
68 
65 
68 
70 
LD in 
IE 
') (%) 
-
54 
71 
79 
81 
48 
68 
73 
72 
Inhib 
concn 
(ppm) 
1 N 
H2SO4 
TBOAD 
200 
500 
1000 
500+KI 
DBOAD 
200 
500 
1000 
500+KI 
E„nr conr 
(mV) 
-580 
-592 
-590 
-594 
-588 
-580 
-584 
-578 
-586 
1 N HjSO^ 
corr 
(jiAcm' 
380 
120 
82 
56 
66 
120 
82 
52 
58 
"^)(mVdec' 
110 
124 
130 
136 
138 
140 
138 
136 
130 
•)(mVdec 
55 
60 
65 
64 
66 
70 
68 
60 
60-
IE 
') (%) 
. 
68 
78 
85 
83 
68 
78 
86 
84 
202 
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AJMAL. RA^AT. QUKMSHl - Influence ofpolyamide mzcrocycUc compounds on the inhibition of corrosion of mild steel 
* The adsorption of these compounds on the mild sieel 
obeys Temkjn's adsorption isotherm 
Acknowledgement; Sue of us (JR) would like to express gratitude 
to the Council of Science & Technology. Lucknov^ (UP) (or 
providing research assistanceship. 
Fig. S: Potaidodynamic potarisadon curves for corrosion of 
mild steel containing 1000 ppm of inhibitor concentration 
(a) I N HCl 2. DBOAD S. TBOAD 
<b) J N H^O^ Z DBOAD 3. TBOAD 
inhibit corrosion of mild steel in acid solution by blocking 
the active sites of steel surface f 24,15]. 
CONCLUSIONS 
* Both of the macrocyclic compounds inhibit corrosion in 
HCl and HjSO^ solutions 
• Both investigated compounds show synergistic effect 
with KI in both acids 
* TBOAD and DBOAD act as mixed tyf)c of inhibitors for 
the corrosion of mild steel in IN H O and H^SO^ 
• Bcuer performance of TBOAD than DBOAD is observed 
in both acidic solutions. 
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THIAZOLE DERIVATIVES AS ACID CORROSION 
INHIBITORS FOR MILD STEEL 
MA. Quraishi, M.A.W. Khan, D. Jamal and M. Ajmal 
Corrosion Research Laboratory, Department of applied Chemistry, Fuculty of Engineering and Technology. 
Ahgarh Muslim University, Aligarh - 20200? 
ABSTRACT 
Inhjbiiive aaion of 2-amino-4-phaiyl-(hiazole and its ihrce anils has been investigated on corrosion of mild steel in IN H:S04 u^mj 
weight loss and potcntiodynamic polaniation methods Weight loss measurenvtnts were earned out at 40" atvj 60"C 0";^? different 
concentrations of inhibitots The anil denved by the condensation of 2-amino-4-rheny I -thiazole and cinnamaldehyde ga\ e i he highcsi 
inhibition efficiency among the investigated compounds 
The poienuodynamic polarization study revealed that all the investigated compounds are of mixed-type The auger electron 
spectroscopic analysis of the mild-steel specimen treated with 2- ainino-4-pheny l-lhiazole indicated ihi: presenee of N and S atoms on 
the steel surfaa. Adsoq>tion mechanism is operative and all the compounds arc found lo obey Tcmkin's adsorpiion isoihcrm The 
compound cinnamylitiene-amino-Vpheny 1 ihiazoietC^PT) was found \o bnup down the permcaiion of hydrogcnin mild Mcel in 
I N H2SO< 
1. INTRODUCTION 
The corrosion of metals in acidic solutions can be inhibited 
by organic compounds. Most of the commercial inhibitors 
arc found to include carbonyls and amines as essential 
ingredients . Dcsai and coworkcrs^have observed that the 
condensation products of carbonyls and amines which arc 
known as anils give higher inhibition efficiency than that 
obtained for consiiluenl carbonyls and amines. The present 
investigation aims at the evaluation of the effectiveness of 
2-amino-4-phcnyl ihiazole (APT) and its three anils 
(Tabic 1) as inhibitors for the corrosion of mild steel in 1 N 
HjSOj 
2. EXPERIMENTAL 
Mild steel (AISI 1079) strips of size 50mm x 20mm x 
0 25inin were used for weight loss measurements, hydrogen 
pcrmoaiioii and potcntiodynamic polarization studies. 
\\ci;jlii los.s mcjsiircincnis and poioniiodynamic 
polaiizaiion studies were earned oui as described earlier^ 
Hydrogen pcrmeauon studies were carried out as described 
elsewhere" Auger electron inicroiirobc (PHI 590A) was 
used lor surface analysis 
3. RESULTS 
Percentage inhibition efficiency and corrosion rale obtained 
by weigh! loss method at diricrcnt conccniratior* of 4 
TABLE 1 THt«i20LEDi;RIVA11VES 
SLH& NAHE 
J-AHlHO-<-PH£Mn 
IHlAJOUtAPl) 
I - U H N A M A L I O C N ^ A M I N O -
; -PHENn- 'KIAZOL£ (CAPT) 
Z-VAWLLIOENE AMWQ-
t-rHeKYl.-1HIA701.£tVApn 
z-SALicnioENE AM;NO-
;-PHEH'ri-:HU20LClSAPl) 
STRUCTURE 
MKj 
S'^NiCH-CKiCH. 
^ 
' ^ ^ H - C H - ^ 
inhibitors studied at 40° and 60°C are given in Table 2 It is 
seen from tnc Table that although ail (he compounds inhibit 
the corrosion of iniki steel in HZSOJ. at all uiuccntrations 
% inhibition efficiencies are found to increase with increaic 
in the concentration. APT is found to give maximum 
inhibition at 500 ppm whereas other compounds gave 
maximum inhibition at a lower concentration of 300 ppm 
Values of inhibition efficiency for APT and different anils 
arc in the order. 
CAPT>VAPT> SAPT> APT 
431 
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TABLE - 2 CORROSION PARAMETERS FROM WEIGHT LOSS 
STUDIES IN I N H2SO4 CONTAINING THIAZOLE 
DERIVATIVES 
I n h i b i t o r 
cone (ppm) 
1 N H2SO4 
APT 
500 
400 
300 
200 
CAPT 
300 
200 
100 
50 
VAPT 
300 
200 
100 
50 
SAPT 
300 
200 
100 
50 
40''C 
IE 
m 
-
89.0 
88.0 
86.4 
85.0 
97.5 
96.5 
94.0 
92.5 
97.0 
95.5 
93.5 
92.0 
90.4 
88.0 
79.8 
70.8 
Vcorr 
(mpy) 
1908 
209 
228 
259 
286 
47.4 
66.7 
114 
143 
57.0 
85.6 
123.8 
152.3 
183 
228.6 
385 
557 
60°C 
IE 
(%) 
-
86.7 
85.1 
83.0 
81.0 
97.0 
95.5 
94.1 
92.3 
96.1 
93.7 
91.4 • 
86.5 
90.8 
84.2 
76.2 
82.6 
Vcorr 
(mpy) 
5,447 
724 
811 
926 
1034 
163.2 
244 
321 
499 
212 
343 
468 
735 
500 
860 
1226 
2037 
a»5 
4. DISCUSSION 
The % IE can be explained on ihc basis of their molecular 
structure. The adsorption of these compounds on the metal 
surface occurs through: 
(i) the interaction between the pi-electrons of the benzene 
ring as well as thiazole ring and the positively charged 
metal surface. 
(ii) interaction between lone pair of electrons of nitrogen 
as well as sulphur atoms and the positively charged 
metal surface. 
(iii) interaction between the protonated species of these 
compounds and negatively charged metal surface. 
These substituted thiazolcs possess extensively delocalised-
electrons and favour their greater adsorption on the metal 
surfEce, thereby giving rise to very high values of inhibition 
efficiencies at a concentration as low as 300 ppm. 
Surface converge'' obtained from values of inhibition 
efficiency were plotted against log C for different 
concentrations of these compounds. It is found that a s taight 
line is obtained indicating that the adsorption of these 
Fig. I. Tcmkin's adsorpiion tso(l<rm plot for iheadsorptio.T of Tliiaiolcs 
in 1 N H2SO4 1 : CAPT, 2; VAPT, 3: SAPT. 4. APT. 
compounds on the mild steel surface follows Temkin's 
adsorption isotherm (Fig. 1). 
Table 3 gives corrosion parameters such as Ecorr & Itorr 
obtained from pclentiodynamic polarisation curves for mild 
steel 1 N H2SO4 containing different concentration of 
2-amino-4-phcnyl ihiazoic and different anils. Il is found 
TABLE - 3. ELECTROCHEMICAL CORROSION PARAMETERS 
FOR MILD STEEL IN INHjSO* IN ABSENCE AND 
PRESENCE OF THIAZOl J- DERIVATIVES AT 3.VC 
Inhibitor 
concentra-
tion (ppm) 
BLAhfK 
1 N H2SO4 
APT 
500 
400 
300 
CAPT 
300 
200 
100 
VAPT 
300 
200 
100 
SAPT 
300 
200 
100 
Ecorr 
(mv) 
-581 
-575 
-577 
-576 
-569 
-576 
-576 
-582 
-585 
-589 
-582 
-585 
-589 
Icorr 
tiA. cm'^ 
320 
100 
110 
130 
100 
120 
150 
130 
150 
170 
160 
190 
250 
I.E. 
(%) 
_ 
68.75 
65.62 
59.37 
68.75 
62.50 1 
53.12 
59.37 
53.12 
46.87 
50 00 
40.62 
2i.87 
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« l< 7 0 
TIME (MIN) 
Rg. 2. Hydrogen permeation current Vs time for mild steel in 1 N HjSO* 
comaining 300 ppm of CAPT. 
1: 1 N H2S0<. 2 : I N H2SO4 + CAPT. 
from this table that these compounds do not cause any 
appreciable change in Ecorr values in H2SO4 thereby 
suggesting that all these compounds are mixed type 
inhibitors. 
The plot of hydrogen permeation current against time 
curves for mild steel in 1 N H2SO4 in the absence and 
presence of cinnamylidenc-amino-4-phcnyl thiazole 
(CAPT) is shown in Fig. 2. It is found that this compound 
reduces permeation current. 
The Auger electron spectrum for APT on .the mild steel 
surface (Fig. 3) shows the presence of peaks of sulphur and 
nitrogen atoms at 150 and 390 eV respectively and this 
observation confirms the fact that the adsorption of this 
compound occurs through the interaction between lone 
pairs of sulphur and nitrogen atoms with the mild steel 
surface. 
y]^ 
f 1 
t, , , 
n)\— 
0 
1 1 1 1 
0 100 100 500 100 ^00 too 700 too »oo >ooo 
ECCCTRON ENEROV.'V 
Fig 3 Auger eJociron .spectrum of APT adiortwJ on mild steel 
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Influence of Heterocyclic Anils 
on Corrosion Inhibition and Hydrogen Permeation 
Through Mild Steel in Acid Chloride Environments 
MA Ouraishi. MAW Khan. M Ajmal.' S Muralidharan, and S.V. Iyer' 
ABSTRACT INTRODUCTION 
The heterocyclic anSs 2 salKyUdeneamtnobenzothiaiole 
(SABT). 2-salicyltdeneanuni>€-ci\lorobenzothiaxole (SACLBTl. 
and 2-scdicyluieneamino 6 methaxyberaothtazole (SAMEXJBT) 
ivere (nvestigaied to evcduaie thev efficiency as corrosion 
inhibaorsjor mild steel (MSI m J M hydroctilonc cuxi (HCU at 
concentralions from 100 ppm to 500 ppm and temperatures 
from 35'C to 60=0 SACLBTperformed best giving an inhibi 
tion efficiency as high as Sff*! even at a very Jou. 
concentration and higher lemperatwe Potennodynamic 
polanzalion studies showed inhibition uKis under calhodic 
conrroL These compounds reduced hydrogen permeation 
through MS in J M HO solution. Adsorption on the AfS sw 
Jacejollou^ed Temkin s adsorption isotherms Surface 
analysis of the MS surface exposed u"Uh SACLBT proved 
adsorption of this compound on the surfacv occurred through 
interaction of lone pairs ofnurogen sulfur, and chlorine 
atoms with ttie meiol surface 
K£^'V,'ORDS acid environments anils auger electron 
spectroscopy chloride hydrochlonc acid hydrogen 
permeation inhibition efjictency mild steeL potentiodynamic 
polanzaxion testing Temkin s adsorption isotherm, 
temperature 
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Acid coiTOslon inhibitors are used extensively In vari-
ous industries. Most commercial formulations 
include aldehydes and amines a s essential ingredi-
ents " It is known that condensation products of 
carbonyls and amines that are known as anils or 
Schlff bases give more inhibition efiiclency than con-
stituent carbonyls and amines ' 
In the present work, the Influence of the hetcro 
cyclic anils 2-salic\-lidenecimInobcnzothia2ole (SABT] 
2-salicylideneamino-6-chlorobenzothl2izole (SACLBT), 
and 2-sallcylideneamino-6-methoxybcnzothiazole 
(SAMEOBT) on corrosion inhlbiuon and hydrogen 
permeation through mild steel (MS) in 1 M hydro-
chlonc acid (HCl) was studied The choice of these 
compounds was based on two considerations First 
ihe presence of the n-bond of an azomelhine group 
jt-electrons of phenyl groups, and a benzothiazole 
nng can induce greater adsorption of these Inhibitor 
molecules on the metal surface. Second, the presence 
of an -OH group can increase solublllt>' of these In-
hibitors In 'est soluuonb leadmg to higher InhibiUon 
elTiciency 
EXPERIMENTAL 
Materials 
Inhibitors were synthesized in the laboratory 
following procedures pre\iously reported * MS stnps 
5 cm by 2 cm b\- 0 25 cm (1.97 in by 0 788 in by 
CORROSIOfl-Voi. 53, No. 6 
0010 9312/97/000109/SS 00+$0 50/0 
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SI. No. 
TABLE 1 
Structure of the Inhixtors Used 
Narne Structur* 
2-SaltcylKJer>eamir)o-
benzothiazote (SA8T) 
Z-SalKryltdeneamiio-
S-chlorobenzothiaiole (SACLBT) 
2-Salicylicteneamir)o-
e-melhoxyberuothiazote (SAMEOeT) 
0 . 0 9 8 In.) were used for weight-loss and hydrogen 
permeation studies. For polarization measure-
ments , a MS strip with an exposed area of 1 cm^ 
(0.16 in.') was used. Composition was {wt%): 
0 .14% C. 0.35% Mn. 0.17% Si. 0.025% S. 0.03% P. 
and balance Fc. 
Sp>ecimens were p>ollshed mechanically first and 
then using different grades of emery papers. They 
were dcgrcased subsequently with tiichloroethylene 
and dried at room temperature. 
The aggressive solutions used were made of ana-
Ktlcal reagent-grade HCl. Appropriate concentrations 
oi the acid were prepared using triple-distilled water. 
Compound concentrations ranged from 100 ppm to 
5 0 0 ppm in 1 M HCl. 
Methods 
Corrosion Weight-Loss Test — Weight-loss mea- ' 
surements were carried out as described previously.* 
In brief, triplicate MS strips were immersed in 
2 0 0 mL of irhlbited and uninhibited solutions and 
allowed to s a n d for 2 h at four temperatures from 
35°C to 60°C. Inhibition emclencies for diflerent con-
centrations were calculated from the difference in 
weight-loss vjdues in the absence and presence of the 
compounds In the 1 M HCl solutions. 
Poientiodynamic Polarization Studies — Cathodtc 
and anodic jxjlanzation curves were recorded 
potenUodynamically (1 mV/s) using an EG&G PARC 
Model 173* potentloslat/galvanostat. a Model 175' 
universal programmer, and a Model RE0089' X-Y 
recorder. The cell assembly consists of a MS working 
electrode, a platinum foil 3 cm by 3 cm (1.182 in. by 
1.182 In.) in area as the counter electrode, and a 
saturated calomel electrode (SCE) as the reference 
electrode. The solution was stirred using a magnetic 
stirrer. All experiments were performed at room tem-
perature (35°C ± 2°C). 
Hydrogen Permeation Measurements — Hydrogen 
permeation studies were carried out at 35'C t 2''C 
us ing an adaptation of the modified Dcvanathan and 
• T rade n^mc. 
Stachurski two-comp>artment cell.*"' Hydrogen 
permeation currents were recorded using an X-Y-T 
recorder in the presence and the absence of the 
compounds in 1 M HCl. 
Auger Electron Spectroscopy — Auger electron 
spectroscopic analyses (AES) were made using a 
scanning Auger microprobc. Sp>ecimens were pol-
ished using different grades of emery papers and 
then dipped in inhibited acid solution containing 
500 ppm SACLBT for 3 h. rinsed with tripie-disUlled 
water, and dried at room temperature. Sf)ecimens 
were fixed onto a sample holder and Introduced into 
a fast-entry air lock (FEIAL) chamber maintained at a 
vacuum le\-el of 10^' torr (0.133 Pa). After degassing, 
the specimens were transferred into the prep>aratlon 
chamber. Specimens again were kept long enough to 
facilitate further degassing. The si)eclmens then were 
introduced Into the analyzer chsunber. The area of 
interest was selected with the help of a scanning 
electron microscope (SEM) attached to the instru-
ment and excited with a 3 keV electron beam. The 
area anzdyzcd was 200 nA. and depth resolution was 
5 A to 15 A. 
RESULTS AND DISCUSSION 
Molecular structures of the compounds arc given 
in Table 1. Table 2 shows values of Inhibition efll-
tlencies obtained from weight-loss measurements for 
various concentrations of anils at different tempera-
tures. All the comp>ounds inhibited corrosion of MS 
even at concentrations as iow as 100 ppm in 1 M 
HCl. 
Very high values of Inhibition efdciency for these 
compounds were understandable from the number of 
anchoring atoms and groups present In the molecule. 
The molecular structures of all the compxDunds had 
an extensively delocallzcd orbital fUlcd with a number 
of n-electrons contributed from the different anchor-
ing atoms of the molecule. It was exp)ected from the 
molecular structure that these molecules might be 
able to adsorb on the metal surface through nitrogen 
and sulfur atoms. -N=CH- groups, and aromatic 
476 C0RR0S10t*-JUNE 1997 
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TABLE 2 
Inhibition Efficiency 
for Different Concentrations of Anils in 1 M HCI from 
Weigt)t-Loss Measurements at Different Temperatures 
InhlMor 
No. Cone, (ppm) 
1 SABT 
100 
200 
300 
400 
500 
2 SACLBT 
100 
200 
300 
400 
500 
3 SAMEOBT 
100 
200 
300 
400 
600 
»5*C 
8 0 0 
69 0 
9 0 0 
92 0 
9 4 0 
93.0 
94.5 
9 6 0 
97.0 
980 
91.0 
93.0 
93.2 
94.0 
95.0 
40*0 
781 
85.6 
89.0 
91.5 
93.0 
92.5 
94.0 
9S.B 
96.6 
97.0 
904 
92.1 
93.0 
94.0 
94.5 
5(rc 
21.8 
42.8 
74 8 
827 
885 
63.2 
79.1 
84.7 
91.1 
92 4 
600 
76.5 
82.8 
89 9 
90.5 
M X 
19 2 
308 
53 8 
57.0 
65 1 
296 
44.0 
61.8 
64.7 
842 
25 0 
31.6 
55 0 
60.5 
70 0 
•D 
UJ 
o 
xz 
> N 
c 
u 
lU 
c 
o 
2 
c 
rings. Moreover, the presence of the -OH group In 
the aromaUc ring was expected to Increase solubility 
of the organic compounds In the aqueous addle 
medium, which enabled the use of a very low concen-
tration (100 ppm) of Inhibitors. 
The lowest concentration gave an inhibition efTi-
clencj- as high as 90% In 1 M HCI for all the 
compounds. The inhibition of corrosion of MS by 
these compounds resulted mainly from adsorption of 
compounds on the metal surface, leading to forma-
tion of a film that suppressed the corrosion reaction. 
Formation of a film on the metal surface was tested 
as reported previously.*• • The adsorbed film formed 
on the MS surface was most responsible for the pro-
tective actl\it>'. The adsorbed film on the metal 
surface Vt-as retained for a period of time when speci-
mens dlpf)ed In inhibited acids were transferred to 
fresh acid without Inhibitor. Thib observ'ation also 
supported the fact that inhibition resulted from for-
mation of an Insoluble film throtigh adsorption on 
the metal surface. Values of Inhibition efficlcncj' for 
the different anils followed the order: SACLBT > 
SAM EX) BT > SABT. 
Figure 1 shows plots of inhibition efficiency vs 
temperature for these compounds In 1 M HCI. 
Inhibition efficiency decreased with Increases In tem-
perature from 40°C to 60=C In all cases. The decrease 
in inhiblUon emcienc\- Indicated the InhlbiUve film 
formed on the metal surface was less protective at 
higher temp>craturcs. Most probably, desorptlon of 
the adsort>ed Inhibitor occurred more quickly at 
higher temperatures. 
CORROSION-Vol. 53, No. 6 
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FIGURE 1. Piot ol inhibition efficiency vs temperature (a) SABT 
(b) SACLIT. and (ci SAMEOBT at (1) 200 ppm. (2) 300 ppm 
(3) 400 ppm and (4) 500 ppm 
Adsorption Isotherm 
The degrees of surface coverage* for different 
concentraUons of inhibitors In 1 M HCI were evaJu 
ated'o from values of inhlblUon efTiclencj- and were 
tested graphically for filUng to a suitable adsorption 
Isotherm. Temkln's adsorption Isotherm was tested 
by plotung e vs log c for all the compounds in 1 M 
HCI at 35°C and 40°C. A straight line (Flgunrs 2(a! 
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FIG UR E 2. Temkin 's adsorption isotherm plot for MS m 1 M HCI containing ditterent amis at. (a) 35" C and (b) 4CfCfor(1) 
SABT. (2) SACLBT. and (3) SAM£OBT. 
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FIGURE 3. Typical poteniiodynamic polarization plot tor cwmsion ol 
MS in 1 M HCI containing $00 ppm concentration of anils: (t)t>lank, 
(2) SABT. (3) SACLBT. and(4) SAMEOBT 
and [b]) was obtained In all cases, proving that ad-
sorpUon of these compounds on the MS surface 
obeyed Temkin's adsorption Isotherm. 
Potentiodynamic Polarization Studies 
Cathodic and auiodlc p>olarlzatlon curves for MS 
In 1 M HCI for dllTercnt anils at 500 ppm concentra-
tions are shown in Figure 3. Various corrosion 
klneUc parameters derived from these curves are 
given in Table 3. These comjxjunds did not cause an 
appreciable change In corrosion potential ( E ^ val-
ues In 1 M HCI. All the compounds brought dovk-n 
values of the corrosion current density ( 1 ^ signifi-
cantly at all concentrations and more at higher 
concentrations In 1 M HCI. Among the various anils 
examined, the reduction in U^ followed the order: 
SACLBT > SAMEOBT > SABT. 
In the absence of anils, the polarization behav-
ior of MS In 1 M HCI gave an anodic Tafel slope 
of 55 mV/decade and a cathodic Tafel slope of 
110 mV/decade . An increase In concentration of 
these compounds increased cathodic Tafel slopes. 
but anodic Tafel slopes were unaffected. Thus , the 
Inhibition of corrosion of MS In HCI In the presence 
of these anils was under cathodic control. In this 
case, the cathodic hydrogen evolution reaction 
was polarized to the maximum extent, leading to 
InhiblUcn. 
InhlblUon of corrosion of MS In 1 M HCI by anils 
could be explained on the basis of adsorption. Anils 
exist in acidic soluti 'ns as neutraJ molecules or In 
the form of cations, .\nils may adsorb on the metal 
surface in the form of a neutral molecule \ ia the 
chemisorption mechanism Involving the sharing of 
electrons between the two hetero atoms (nitrogen 
and sulfur) and the iron." The adsorption of cuiils 
also can occur through Interactions between the n-
electron of azomethlne group (-C=N-). bcnzothiazole. 
and the benzene ring and the metal surface. Anils 
also can occur in cationic form (i.e.. as a protonated 
sp>ecles in acidic solution with the positively charged 
part of the molecule oriented toward the negatively 
charged metal surface). As chloride Ions (CI") specifi-
cally are adsorbed on the metal surface, the surface 
charge is changed to negative, resulting in joint ad-
sorption of the anion with the catlonlc form of the 
compound. Actually, the anil cation Is adsorbed pref-
erentially by coulomblc attraction on the metal 
surface, where CI' already Is chemisorbed and sup-
presses the corrosion rate by stabilization of 
adsorbed anion and Increased surface coverage." 
Adsorption studies on mercury surface using a capil-
lary electrometer brought out the fact that anils 
adsorb both on positively and negatively charged 
metal surfaces, with adsorption occurring more on 
the positively charged surfaces because of more 
Interactions. 
Hydrogen Permeation Studies 
The performance of the anils in affecting the 
hydrogen f>ermeatlon current was studied also. In 
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TABLE 3 
Electrochemical Polanzaton Parameters for Corrosion of MS 
in 1 M HCI in the Presence of Different Concentrations ot Anils 
Inhibitor 
Cone. 
(PPm) 
Blank 
SABT 
300 
400 
500 
SACLBT 
300 
-too 
500 
SAMEOBT 
300 
XOO 
6O0 
E - -
(mV) 
- 5 7 6 
- 5 0 5 
- 6 1 0 
- 5 1 0 
- 5 6 0 
- 5 6 2 
- 6 6 3 
- 6 7 2 
- 5 7 4 
-574 
b. 
(mV/(tec*d«) 
110 
110 
115 
120 
115 
120 
130 
l i s 
125 
125 
b. 
(mV/y»c«<J«) 
55 
40 
45 
45 
42 
45 
45 
45 
45 
50 
«-^  (nA/cm') 
350 
35 
30 
10 
12 
10 
7 
13 
10 
10 
Inhtbttton 
EfftcWney 
(%) 
— 
9 0 0 
91 4 
97.1 
9 6 6 
97 1 
9 8 0 
96.3 
97 1 
97.1 
acidic solutions, hydrogen permeat ion In metals 
takes place as : 
Discharge step: 
M + HjO- + c- -> H , 0 + M H . « (1) 
where M is the cathode metal suiface. and MH^. is 
Vhe hydrogen adsorbed on the metal , followed by: 
MH.„. + MH.^. - • 2M + H , 
Electrochemical desorption: 
MH.a. * HjO- + e- -> M + HjO + Hi 
(2) 
(3) 
Hydrogen gas is liberated dur ing the corrosion 
process A part of the atomic hydrogen permeates 
through the metal (w-hen the remainder is e\'oluied as 
molet ular hydrogen) and gets occluded In the cn-stal 
l.-utice. Later, this create some detr imental elTecis 
s >ch as cracking, pitting, breakage etc.. on the metal 
5- -face. Thus, the design of inhibitors should take into 
ai. count this effect. A good inhibitor mus t cither pre-
vent hydrogen adsorption or favor H-H recombination 
In the present study, hydrogen f>ermcatlon stud-
ies V ere carried out for MS In 1 M HCI alone and in 
the presence of anils (Figure 4). All the anils were 
able to reduce hydrogen f)crmeation cur ren t effec-
tively in I M HCI solutions e\'en at a ver>- low 
concentration. All the compounds also reduced the 
I>ermcatlon t i i rrent to the max imum extent through-
out the d u r a t i o n of the e x p e r i m e n t . 
The better fverfonnancc of these compounds re-
sulted from the availability of more it-electrons amd 
E 
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c 
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o . 
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— — O ' 
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FIGURE 4. Curves of ttydrogerx permeation current vs time for MS in 
r M HCI in the abserKe and presence ot aruts (f) blank. (2) SAB T. 
(3) SACLBT. and (4) SAMEOBT 
more surface aiea. which led to more adso-'ption, 
more Inhibition, aind more reduction in permeation 
current. 
in this case, a definite correlation existed 
betv.-een the extent of corrosion Inhibition and per-
centage reducuon In the permeation cur ren t . It could 
be concluded that all the comp>ounds were able to 
bring down self-corrosion and the f>ermeatlon of 
hydrogen through the steel surface In 1 M HCI. 
Auger Electron Spectroscopy 
The A'-S spectra for MS In 1 M HCI containing 
500 ppm SACLBT is shown In Figure 5. The appear-
ance of p>eaks for nitrogen, sulfur, and chloride 
atoms at 385. 154. and 184 cV. rcsp>cctivcly. sup-
CORROaON-Vol. 53, No, 6 479 
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FK3URE 5. AES spectrvm tor the MS surface exposed to t M HO 
containing SACLBT 
fxjrlcd the adsorption of these compounds on the 
metal s\irfac« through interaction betu-een lone pairs 
of electT' ns of the above atoms and the metaJ surface 
CONCLUSIONS 
• All the anils p>crformed well as corrosion inhibitors 
in 1 M HCl. 
• Inhibition of corrosion of MS in the presence of 
these amis was under cathodic control. 
• All the anils inhibited corrobu M of MS b\ being 
adsorbed on the metal surface. 
• All the anils reduced the fjcrmeatlon current con-
siderably in 1 M HCl. 
• Adsorption of anils on the MS surface from 1 M 
HCl obeyed Temkln's adsorption isotherm. 
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Influence of molecular structure of substituted 
benzothiazoles on corrosion inhibition and hydrogen 
permeation through mild steel in sulphuric acid 
M . A. Q U R A I S H I 
M . A. W A J I D KHAiN' 
M . A J M A L 
S. M U R A L I D H A R A N 
S. V E N K A T A K R I S H N A lYCR 
Anwiobenzulhiazulc aiul three of its 6-'iuhililutC(l dciwatives nuiULl) 2-ainiiio 6 
chlorohenzolliKizole (ACLBT) 2-amiiio-6-iiictho\}beiizothtazole and 2-aimiw 6 
iuctll\lhciizothitizole utTc SMillwined and llicir iiiliibition of the corrosion of mild steel in 
0 5M HjSOj \ui\ iiw<.\iis;itted bv weiglil loss and some eleclrocliemical lechmqucs 
Inhibition cfficteiKies of larious comenlratiom of these compounds were determined at 
lemperaliires in the raii(;e 35-60°C Of I he four lominmnds. ACLUT showed the best 
liciforniance gn int; an inhibition efficiency as high us 9T'A, even at a very low conccn 
tiution and at a temperature of60°C Potentiod)namic polarisation studies indicated that 
all four compounds acted predommantly as cathodic inhibitors with adsorption from 
//.>50j solutions on mild steel surfaces obeying Temkiiis adsorption isotheim All of the 
inhibitors were able to reduce hydrogen permeation through the steel surface and perform-
ance nas enhanced fcv the addition of iodide ions Auger electron spectroscopy analysis 
was also carried out to determine the mechanism of inhibition 
Dr Qiiraisht Dr ]V(ijid Khan, and Dr Ajmal aie at the Corrosion Research Laboratory 
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Llectrucliemisirr luiborutory. Central Elect roe liemical Research Inslilulc, Karaikiidi 
630 006 Tamil Nadu, India An earlier version of this paper was presented at the 
Sth European S\mposiuiii on Corrosion Inhibitors held m Ferrara, Italy m September 
1995 This version appears by kind permission of Professor G Trabanelli Manuscript 
receiied II September 1995, infmalform 14 May 1996 
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INTRODUCTION 
The inhibitive power of organic corrosion inhibitors has 
been interpreted in terms of many different characteristics 
such as molecular size, molecular weight, molecular struc-
ture, nature of the heteroatom present in the molecule, etc ' 
Nitrogen containing organic compounds have been found 
to scr\e as good inhibitors of corrosion'"' and their 
inhibiting action has been explained in tcrniv of the number 
of mobile electron pairs,' the n orbital character of free 
elec'rons,' and the electron density around the nitrogen 
atom '° It has already been reported that sulphur containing 
compounds arc more crfcctne because of ilie high density 
of electrons around the sulphur atom and tli.it the combined 
effect of nitrogen and sulphur both being present in a 
compound \ull be more than ihcir individual effects'° " 
Similar observations have been reported recently while 
carrymg out sludres using triazoles and ihiazoics '• '•* A 
good corros'on inhibitor should have a vcr\ high corrosion 
inhibition eflicienc) and should be able to minimise the 
ingress of hjdrogen mm the metal To meet the above 
requirements effectiveh, aminobenzothiazole and its denva 
lives weie synthesised and their effectiveness as inhibitors 
of the corrosion of mild steel in 0 5M HjSOj was studied 
E X P E R I M E N T A L 
Mater ia ls 
Inhibitors were synthesised in the laboratory following 
procedures reported ciscvvlicrc'•* I oi ucighl loss and 
hydrogen pcmie.ilion suidics, mild steel sinps of si/c 
5 x 2 x 0 025 cm were used while for pol irisaiioii iiicisuic 
mcnis a mild sicci strip uilli an exposed .irc i of I ciir « is 
Used 1 he Lh(.ini(_il (.oiuposiiKin of tin. mikl SILLI WIS 
Ic - ( ) I4C ()l7Si OT^Mii ( I tni ' ()()2<;s (ul "/) SpcLiniLiis 
were polished mcchjiiic ill> .iiid IIILII SULCLSSIVLK \\illi 
different grades of emery papers They were subsequently 
degreased with trichloroethylenc before use and then dried 
at room temperature 
Aggressive solutions used were made fiom Analar grade 
H2SO4 and appropriate concentrations of the acid were 
prepared using tripl> distilled water Concentrations of 
inhibitor compounds were in the range 100-500 ppm in 
0 5M h j S O , 
Methods 
Coiiosion wc'ii;hi toss tests 
WViglit loss nicisiiremciUs were carried oul as described m 
earlier work '^ Triplicate mild slccl strips were immersed 
in 200 niL of inhibited and uninhibited solutions for 2 h at 
four different temperatures in the range 35-60'C Inhibition 
efficiencies were caleulalcd from the difference in weight 
loss values in the absence and prescnec of inhibitor 
compounds in 0 5M HjS04 solutions 
Potentiodyitaimc polarisation studies 
Both cathodic and anodic polarisation studies were carried 
oul using an EG&G potentiostat/gal\anostat (model 173) 
programmer (model 175) and A - i recorder (model 
RE 0089) The cell assembly consisted of a mild steel 
working electrode, a platinum foil of area 3 x 3 cm as 
counter electrode, and a saturated calomel electrode (SCE) 
as reference The solution was stirred using a magnetic 
stirrer and all expciimcnls were performed at a room 
tcmpcralure of 35 ± 2 C 
ll\(li(>i;( II pi. niu (ilKiii iiu (isiin iin III 
l l )d i ( i j ,en pernie ilion sluii ies \ eie e i 1 i n oul 
leiiipcr l i m e ol ^5 ±2 C using ,111 id i,M 1(10 1 e>'" Uev.iii t 
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Qiininl) ti III Influcrcc pf siruclurc of bcivollu.i/oles on iiihibilioii of mild sicol 73 
.iiul Sl.i(.luirskrs modihcd two coiiip.irliiicnl cell '^  "^  
ll>Jroj;cn pcrnicilKiii ciirrciils were recorded using ,111 
X-Y-T Rik.idcnki recorder in llic presence and Ihc .ibscncc 
of mlubilor compounds in 0 5M H^SOj. 
Auger electron spectroscopy 
Auger electron spectroscopy (AES) analyses were made 
using a scanning Auger microprobe (SAM PHI model 
I590A). 
Rl iSULTS A N D D I S C U S S I O N 
The inhibitor compounds have the molecular structure 
NH2 
where R is H (or aminobenzolhiazole (ABT), R is C) for 
2-amino-6-chlorobcnzolhiazolc (ACLBT), R is OCH3 for 
2-aniino-6-niciliox)bcnzoihiazole (AMEOBT), and R is 
CH3 for 2-aii)ino-6-meihylbcnzothiazolc (AMEBT). 
Weight loss measurements 
Tabic 1 gives the values of inhibition efficiency obtained 
from weight loss measurements for different concentrations 
of inhibitors at different temperatures in the range 35-60°C. 
It was found that all the compounds under study inhibited 
the corrosion of mild steel in 0-5M HjSOj. Moreover, the 
inhibition efficiency increased with the increase in inhibitor 
concentration from 100 to 500 ppm. The optimum concen-
tration required to achieve maximum inhibition was found 
to be 500 ppm, as a further increase in concentration did 
not cause any appreciable change in the performance of 
the inhibitors. U can also be seen from Table 1 that, except 
for ACLBT, the inhibition efficiency for all the compounds 
decreased considerably with increases in temperature. This 
Table 1 Inhibition efficiencies for different concentrations 
of AST dcri>ali>es for corrosion of mild steel in 
0-5.M H2SO4 from «cight loss measurements at 
different temperatures, % 
Inhibitor 
concentration. 
ppm 
Temperalure, °C 
35 40 50 60 
ABT 
100 
200 
300 
400 
500 
ACLBT 
100 
200 
300 
•400 
500 
AMEOBT 
100 
200 
300 
400 
500 
AMLlir 
100 
200 
100 
•)IX) 
500 
85 0 
910 
94 0 
97 0 
98 0 
90 0 
95 0 
97 0 
9S0 
98 5 
60 0 
76 0 
80 0 
82 0 
85 0 
52 0 
70 0 
77 0 
hOO 
83 0 
73 9 
87 0 
92 0 
95 8 
97 0 
88 0 
93 9 
96 5 
96 5 
98 0 
50 8 
68 0 
75 1 
78 0 
80 0 
47 3 
65 3 
72 4 
754 
78 2 
31 
52 
22 8 
78 3 
97 0 
84 0 
93 1 
95 0 
96 0 
97 0 
32 4 
413 
58 2 
75 0 
77 0 
30 4 
27 9 
46 8 
67 1 
75 2 
24 
92 
23 7 
66 7 
70 4 
82 3 
92 0 
93 0 
95 0 
97 0 
20 4 
324 
43 6 
61 5 
67 6 
92 
28 3 
41 4 
52 3 
564 
rcnccfi Ihc poor perform.intc of Ihcsc conipouiKk ,il higher 
Icmpcr.ilufcs 111 ()5M l l jSOj . 
Values of inhibition cllicicncy for ABT and its derivatives 
in 0 5M H2SO4 decreased in the order ACLBT > ABT > 
AMEOBT>AJvlEBT. The higher inhibition efficiency 
values for ACLBT are caused by the dipole moment of 
the compound being greater than that of ABT. Szklarska-
Smialowska and Kaminski'^ observed similar behaviour 
for the chlorosubstituted compound in the case of thiophene 
derivatives. Gad-Allah el » / ." also reported that chloro-
substituted ,iniinopyr.i7ole gives higlicr clficicncy tlian tl>c 
parent compound for inhibiting ihc corrosion of copper in 
acid.c solutions. 
The orientation of functional groups in methyl and 
niethoxy derivatives is responsible for the extent of 
inhibition in AMEOBT and AMEBT. Both these com-
pounds show less inhibition than ABT; niethoxy and 
methyl groups might prevent flat orientation of molecules, 
resulting in poorer coverage of the metal surface, leading 
to less inhibition. The belter performance of AMEOBT 
compared with AMEBT can be explained in terms of 
Pearson's principle of hard and soft acids and bases," 
according to which the niethoxy group can be considered 
as a hard base. It forms a strong bond with ferrous and 
ferric ions, which leads to more adsorption and more 
inhibition. However, in the case of AMEBT the inductive 
effect of the methyl group makes the nitrogen centre a 
softer bast. Ferrous and ferric ions will form a weak bond 
with the soft base, which may lead to less adsorption and 
less inhibition. 
The inhibition of corrosion of mild steel in acidic 
solutions by ABT derivatives can be explained in terms of 
adsorption. The compounds can adsorb on the metal 
surface owing to; 
(i) interactions between lone pairs of electrons on the 
nitrogen and sulphur atoms of the ihiazole ring and 
the metal surface 
(ii) interactions between the n electrons of the benzo-
thiazole ring and the metal surface 
(iii) the fact that in acidic solutions ABT derivatives can 
exist as protonaled species capable of electrostatic 
interaction with the negatively charged metal surface. 
Adsorption isotherm 
Surface coverage 0 values were obtained graphically by 
fitting to a suitable adsorption isotherm. Values of 0 were 
calculated from corrosion rales in uninhibited and inhibited 
solutions for difTerenl concentration C values of the 
inhibitor.^" A plot of log C versus 0 gives a straight line, 
Table 2 Inhibition efficiencies obtained from weight loss 
measurements in absence and presence of Kl at 
different temperatures, % 
Inhibilor 
conccntralion, 
ppm 
conccntraction, 
% 
Temperature, °C 
35 40 50 60 
ABT 
100 
100 
ACLBT 
100 
100 
AMllOllT 
100 
100 
AMLHT 
1(X) 
100 
0 25 
0 25 
0 25 
02s 
85 
93 
90 
97 
60 
85 
74 3 
83 18 
88 84 
95 92 
51 32 
65 45 
2 
12 
S2 
90 
20 
31 
52 47 
80 59 
10 
42 
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74 Quiiiis/ii (I "/ IiilUii-ii(.L of btriicturc of bcii/oUii u o k s oil mlubiUoii of mild sln.1 
CURRENT DENSITY, ^A c m " 
1 none 2 AIIT, 1 ACI HT, 4 AM FORT. S AM PUT 
I'liliiiliinhiiiiiiiu piiliirlsiiliiiii Iiin< \Jiir iiiilil s/iil iiiUihl ll_,SOj 
III presence ofSOOppm ofguen iiiUibiior 
showing that the adsorption of these compounds on the 
mild steel surface from 0 5M H2SO4 obeys Temkin's 
adsorption isotherm This points to corrosion inhibition by 
these compounds being a result of their adsorption on the 
metal surface 
Table 2 gives the values of inhibition efficiency for specific 
concentrations of inhibitors m combination with 0 25%Kl 
at difTerent temperatures and shows that inhibition 
efficiency was enhanced by the addition of iodide ions for 
ail the compounds In the absence of iodide ions, inhibition 
efficiency decreased with an increase in temperature This 
decrease was less for ACLBT. In the presence of iodide 
ions, maximum enhancement of inhibition efticiency was 
observed for compounds showing very low values of 
inhibition efficiency at higher temperatures, such as ABT, 
AMEOBT, and AMEBT. This demonstrates that iodide 
ions which arc strongly adsorbed are not easily desorbed, 
even at very high temperatures, and that they help in 
enhancing the inhibition ertlciency of these compounds 
The iodide ion is initially strongly chemisorbed on the 
metal <;urfacc. Thiazolonium ions arc then adsorbed b\ 
coulombic attraction on the metal surface, where anions 
arc alrc^idy chemisorbed This increases 0 
Potentiodjnamic polarisation studies 
Both cathodic and anodic polarisation behaviour of mild 
steel in 0 5M HjSOj in the absence and presence of a 
20 
< 16 
oc 
u 
2 
o 
-
^ i ^ ^ 1 1 1 1 1 
• 2 
- . — • 3 
_ , a i 
1 
12 16 
TIME, mm 
20 lU 28 
I none 2 AMEUT 3 AMCOBT, 4 AUT, 5 ACLUT 
2 Hxdrozen permcdtion cumin v time curves fur mild steel in 
0 iM H,SOj 1/1 presence of $00 ppin of git'en mbibitor 
specific concentration (500 ppm) of inhibitor is shown in 
Fig 1 Table 3 gives values of corrosion current l^aw 
corrosion potential £ „ „ , and cathodic and anodic Tafcl 
slopes be and fc, for different concentrations of inhibitors 
in 05M H2SO4 It can be seen that all these compounds 
gave significantly lower / „ „ values at all concentrations 
This observation demonstrates that they serve as effective 
corrosion inhibitors It can also be seen from Table 3 that 
these compounds did not show any definite trend in the 
shift of Ccorr- While ABT and ACLBT .shifted C„„ to more 
negative values, AMEOUT and AMEBT did not cause any 
appreciable change in Ecorr values. Both b^ and fc, increased 
in the presence of these compounds, the enhancement being 
greater for b^ than for h,. This observation clearly shows 
that the inhibition of corrosion by these compounds was 
under mixed control, but predominantly under cathodic 
control Table 3 also shows that the enhancement of the 
Tafel slope is a maximum for ACLBT, which gives high 
inhibition cfiicicncy values at all concentrations Values 
from polarisation measurements were found to follow 
the same order as those obtained from weight loss 
measurements 
Table 4 gives the values of inhibition eiricicncy for 
inhibitors in the absence and presence or0 25%KI The 
addition of KI was found to enhance th'e inhibition 
Table 3 Electrochemical polarisation parameters of mild steel in 0 5M H2SO4 
in presence of dilTcrent concentrations of ABT dcri\ati\cs at 3S*C 
Inliibiior 
conccniration 
ppm 
No inhibitor 
ABT 
300 
400 
500 
ACLBT 
300 
400 
500 
AMEOBT 
300 
400 
500 
AMI liT 
•*IK) 
4(K) 
500 
c„„. 
mV 
-5 i ! l 
- 6 0 1 
- 6 0 1 
- 6 0 3 
- 5 9 9 
- 6 0 1 
- 6 0 3 
- 5 8 6 
- 5 9 ( 
- 5 8 4 
- S S 9 
- 5 9 3 
- 5 9 3 
fcc. 
mV/(JcL.idc 
110 
120 
125 
130 
125 
130 
140 
125 
12J 
130 
115 
120 
120 
''. 
mV/dcc.idc 
55 
60 
60 
60 
60 
62 
65 
60 
65 
65 
55 
5b 
60 
' c o f r ' 
((A cm"^ 
320 
30 
25 
20 
13 
10 
10 
120 
90 
60 
200 
no 
110 
Inhibition 
cllicicncy 
% 
90 6 
92 1 
93 7 
95 9 
96 8 
96 8 
62 5 
7! S 
81 2 
•(7 5 
(,S6 
6<)6 
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in absence and presence of AIM' derivatives at 
500 ppm conceiilratioii in 0-5M HjSOj at 35*C 
200 400 600 
ELECTRON ENERGY, eV 
600 1000 
Results of AES for mild sleel surface exposed lo 05M H,SOj 
conlainmg ACLBT 
efliciency for all the compounds. Values of /„„ in the 
presence of each compound were reduced by the incorpor-
ation of 0-25%KI, thereby clearly indicating the synergistic 
influence of iodide ions. 
Hydrogen permeation measurements 
The importance of hydrogen permeation studies during 
acid pickling of mild steel was reported in earlier work.'-^' 
In the present study, hydrogen permeation studies were 
carried out for mild steel in 0-5M H2SO4 alone and in the 
presence of inhibitors (500 ppm) in 0-5M HJSO4. Results 
are shown in Fig. 2. The decrease in hydrogen permeation 
current by these compounds is given in Table 5. It is 
apparent from Fig. 2 and Table S that all the inhibitors 
were able to cause a decrease in the permeation current in 
0-5M II2SO4. Inhibitors retard the discharge of hydrogen 
ions and lower the coverage o( llic metal surface by 
hydrogen atoms, resulting in less hydrogen permeation. 
The formation of hydrides by freely dissolving metal also 
creates a barrier for the transfer of hydrogen ions into the 
metal. Of the four compounds, ACLBT had the highest 
mhibition efficiency and in addition was the most effective 
at decreasing hydrogen permeation through the metal. In 
this case, a good correlation is observed between the extent 
of corroiion inhibition ;ind the extent of the decrease in 
hydrogen permeation current. 
Tabic 4 I'olcnliod\nainic polarisation parameters for 
corrosion of mild steel in 0-5iM HjSOj in absence 
and presence of ABT derivatives and KI at 35*C 
Inhibitor 
conccnlralion. 
ppm 
No inhibitor 
ABT 
100 
100 
ACLBT 
100 
100 
AMEOBT 
100 
100 
AMI II! 
100 
100 
KI 
concemrjiion. 
% 
025 
0 25 
025 
0 25 
£co„. 
mV 
-581 
-589 
-579 
-597 
-595 
-585 
-571 
-593 
-577 
/co,r. 
^A cm"' 
320 
60 
29 
55 
24 
120 
40 
200 
45 
Inhibition 
clliciency. 
% 
81 2 
90 9 
82 5 
92 5 
62 5 
87 5 
37 5 
85 9 
Inhibitor 
None 
ABT 
ACLBT 
AMEOBT 
AMEBT 
I'crmc. 
Current 
130 
66 
50 
90 
11 7 
lion 
pA 
Dccrc.isc in 
hydrogen. % 
49 2 
61 5 
30 7 
lUO 
Auger electron spectroscopy 
Results of AES for the mild steel surface exposed to 0 5M 
H2SO4 solution for 2 h in the presence of ACLBT at a 
500 ppm concentration are shown in Fig. 3. The peaks at 
156,187, and 387 eV are further evidence for the adsorption 
of ACLBT on the mild steel surface. 
CONCLUSIONS 
1. Derivatives of ABT have been found to perform well 
as corrosion inhibitors for mild steel in 0-5M H2SO4 
solutions. All the compounds were found to inhibit the 
corrosion of mild steel by adsorption on the metal surface. 
2. All these ABT derivatives were able to decrease the 
hydrogen permeation current through the steel surface 
in acids. 
3. Adsorption of these compounds on the mild steel 
surface was found lo obey Temkin's adsorption isotherm. 
4. Enhancement of inhibition efficiency for ail the 
compounds in the presence of KI showed the synergistic 
influence of iodide ions on inhibition efficiency. 
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Inhibition of steel corrosion by some new triazole 
derivatives in boiling hydrochloric acid 
M. A.QURAISHI 
S. AHMAD 
M. Q. ANSARI 
Some nev, triazole derivatwes iwinelv 4-anunohenzylidene-3-prop\l '^-mercapto-1 2 4 
tnazole, 4-aminoannamalide>K-i-prop\l-5-mercap(o-l,2.4-lriazole (ACPMT), 4-ammo 
salicyhdene-i-propyl-S-mercapw-l 2 4-tnazole (ASPMT), 4-aimnoiaiullidcne-3-prop\l 
5-mercapto-l.2.4-tnazole, and 4-amu]odimethylamino-benzylidene-i-propyl-5-mercaplo 
1,2 4-tnazole (ADPMT) hcne been synthesised Their inhibiting action on r/n 
corrosion of mild steel in 15%HCI under boding conditions has been studied b\ the \scigln 
loss method With the exception of ADPMT, all the tnazole derwatiies tested showed 
an inhibitor efficiency of >9S% Triazole compounds ACPMT and ASPMT showed 
an efficiency of >99% Their efficiency has been found to be comparable with that of 
propargyl alcohol, a standard corrosion inhibitor for mild steel in boiling HCl Potenlio 
dynamic polarisation studies reiealed that all the tnazoles investigated are mixed t\pe 
inhibitors inhibiting the corrosion of mild steel by blocking the active sites of the metal 
surface The adsorption of these compounds on mild steel from 15%HCI has been found to 
obey Temkin's adsorption isotherm 
The authors are at the Corrosion Research Laboratory, Department of Applied Chemistry 
Faculty of Engineering and Techiiologx, Aligarh Muslim University, Aligarh 202 002, India 
Manuscript received 1 August 1996 m final form 1 December 1997 
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I N T R O D U C T I O N reduce the aggressive attack of the acid on tubing and 
Acidification of petroleum wells is one of the most casing matenals, inhibitors are added to the acid solution 
important techniques for enhancing oil production. It dunng the acidifying process.' 
is commonly brought about by forcing a solution of A perusal of the hteraturc^'^ reveals that the eflfeclive 
15-28%HQ into the well to open up near bore channels inhibitors used as acidifying corrosion inhibitors in-
in the formation and hence to increase the flow of oil. To elude acetylenic alcohols, alkenyl phenones, aromatic a,fi 
Table I Organic compounds studied 
Name Structure Abbreviation 
4-aminobenz> lidene-3-prop_\ I-5-mcrcapto-l A^-tnazole 
4-aminoannamalidene-3-prop\l-5-mercap!o-l,2,4-triazole 
4 aminosalic>lidene-?-prop\l-5-mcrcapio-l,2,4-triazole 
4 amino\anillidenc-3 Drop\l > mcrcapto-l,2,4-lnazole 
4 aminodimeihylaminob«nz\lidene Vprop>!-
5-mercapto-1.2,4-tnazole 
Propargsl alcohol 
ABPMT 
ACPMT 
ASPMT 
A\ PMT 
ADPMT 
CH, 
I'A 
Bnnsii C OMosuni Joutnil 19^7 Voi -2 No 4 2> 
298 Q'lrat^li) ii 111 Inhibilion b\ new lri.i/<''c dtru.iiK 
unsaturated aldehydes, nitrogen containing hetcroc\clic 
compounds, quaternary salts, and condensation products 
of carbon) Is and amines. 
Among the various compounds available, acctvlenic 
alcohols are widely used as acidifying inhibitors because of 
their commercial viability and effectneness. However, these 
mhibnors suffer from the dra\s backs thai 
(i) the> are effective only at high concentration 
(ii) the\ are extremely toxic in their own right, causing 
problems of handling and waste disposal, and 
produce toxic \apours under acidifying process 
conditions'* 
In view of these disadvantages of aceiylenic alcohols, there 
exists a need for the de\elopment of new acidifjing 
inhibitors. 
Triazoles such as benzotnazole* and naphthotnazole* 
have been mainly used as corrosion inhibitors for copper. 
The inhibiting action of some aminohydrazinomercapto-
triazoles on the corrosion of steel in H2SO4 has been 
studied by .Abd-El-Nabcy el al.' The effect of aminometh>l-
mercaptotnazole on corrosion and hydrogen permeation 
of mild steel in acidic solution has been evaluated 
by MuraJidharan ei a!.' Recently, the present authcn 
have investigated the influence of some tnazole deriva-
tives, namely 4-aminosalic)lidene-3-hydrazino-5-mercapto-
1,2,4-triazole. 4-aminosalic) hdene-3-methy!-5-mercapto-
Table 2 Corrosion parameters obtained from weight loss 
data for mild steel in boiling 15%HC1 (105 ± 2=C) 
containing different concentrations of various 
inhibitors 
Inhibitor concentration, 
ppm 
Corrosion rate, 
mm \ear 
P. 
% 
ISV.HQ I blank) 
1000 
2000 
3000 
4000 
5000 
ACPMT 
1000 
2000 
3000 
4000 
5000 
ASPMT 
1000 
2000 
3000 
40O0 
5000 
AVPMT 
1000 
2000 
3000 
4000 
5000 
ABPMl 
1000 
2000 
3000 
4000 
5000 
ADPMT 
1000 
2000 
3000 
4000 
50OO 
12 526-202 
10 994 959 
9543 612 
177 102 
142 111 
3 ' 382 
295 176 
365 562 
357 515 
60-654 
215 319 
5093 261 
2742 785 
181 152 
106477 
55 342 
2792 235 
882 109 
666 118 
3"'6 862 
143 155 
717031 
1569 869 
1253 275 
816008 
143 394 
6751 495 
6S94 678 
4604 953 
2370245 
4098 563 
12-224 
23811 
98-586 
98 866 
99 702 
97 644 
97 082 
97 145 
99 516 
98 281 
59 339 
78 104 
98 554 
99 149 
99 558 
77 709 
92 958 
94 682 
96 991 
98 857 
94 276 
87 467 
89 995 
93 486 
98 855 
46 101 
44 958 
63 237 
81078 
67 2S0 
1,2,4-tnazole, and 4-aminosalic>lidene-3-prop>l-5-mcrcap-
to-I,2,4-lriazolc (ASPMT) On corrosion and hydrogen 
permeation in acidic solution.' All the triazoles inves-
tigated were found to be excellent corrosion inhibitors m 
both IN HjSOi and IN HCl. Specifically, the tnazole 
synthesised by the condensation of 4-amino-3-propyl-
5-mercapto-1.2.4-tnazole (APMT) and salicylaldehyde 
showed the highest efficiency among the compounds 
studied, even at low concentration, in both the acid 
solutions at room temperature. 
In view of the excellent performance of ASPMT as a 
corrosion inhibitor, the present authors have synthesised 
some additional triazoles, namely 4-aminobenzyljdene-
3-propyl-5-mercapto-l,2,4-tnazole (ABPMT), 4-aminocin-
namalidene-3-propyl-5-mercapto-l,2,4-tria2ole (ACPMT), 
4 - aminovanillidene - 3 - propyl - 5 - mercapto - 1,Z4 - triazole 
(AVPMT), and 4-amino-dimethylaminobenzylidene-3-
propyl-5-mercapto-l,2,4-triazole (ADPMT), with the objec-
tive of reducing the corrosion of mild steel in boiling 
15%HC1. With the exception of ASPMT, the compounds 
tested are all new. The choice of these inhibitors is based 
on the fact that they can be synthesised conveniently from 
inexpensive raiv materials. 
EXPERIMENTAL 
Inhibitor ASPMT was synthesised by a known method.'" 
This involves refluxing an equimolar ratio of AMPT and 
salicylaldehyde in absolute ethanol for 3 h using 2 or 3 
drops of piperidine as a catalyst. On cooling, the reaction 
mixture gave a solid product, which was purified by 
crystallising with ethanol. Other triazoles, namely ACPMT 
(melting point f„ = 149=C), ABPMT (t„ = 162°C). AVPMT 
Table 3 Potentiodynamic polarisation parameters for 
corrosion of mild steel in 15%HCI at ambient 
temperature (35 ± 2°C) containing different 
concentrations of various inhibitors 
Inhibitor concentration, 
ppm 
15%Ha (blank) 
PA 
250 
500 
750 
ACPMT 
250 
500 
750 
1000 
ASPMT 
250 
500 
750 
1000 
AVPMT 
250 
500 
750 
1000 
ABPMT 
250 
500 
750 
1000 
ADPMT 
250 
500 
750 
1000 
'-com 
mV(SCE) 
- 5 4 2 
- 5 1 5 
- 5 2 2 
- 5 2 3 
- 5 4 5 
- 5 4 3 
- 5 3 7 
- 5 3 3 
- 5 4 0 
- 5 4 4 
- 5 5 0 
- 5 4 6 
- 5 4 6 
- 5 5 2 
- 5 5 2 
- 5 4 8 
- 5 4 2 
- 5 4 6 
- 5 4 6 
- 5 4 8 
- 5 4 3 
- 5 4 7 
- 5 4 3 
- 5 4 3 
I ^ . 
mA cm ' 
3 50 
0-06 
0 0 6 
0 0 6 
1-50 
100 
0-90 
060 
0-70 
0 50 
009 
O-IO 
0 50 
0-35 
0-30 
045 
200 
0 6 0 
0 70 
0 30 
0 80 
0 20 
060 
0 50 
P. 
% 
98 29 
98-29 
98-29 
57-143 
71429 
74-286 
82 857 
80 000 
85 714 
97 429 
97-143 
85714 
90000 
91 429 
87 143 
42 857 
82 857 
80000 
91 429 
77 143 
94 286 
82 857 
85714 
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- 7 0 0 
0 001 
400 
(bl 
500-
t 
600-
1 
700 
r 
0 01 0 1 1 
« 1 
10 
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I t 
100 
0 001 
- 4 0 0 -
-500-
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-700 
0 001 
0 01 0 1 10 100 
0 01 0 1 1 10 
CURRENT DENSITY. mA cm ' 
100 
1 blanL(l<'.HOi : Z'Oppm 3 500ppm.4 750ppm,5 1000 ppm 
a ACP\(T 6 ^.SPMT c W PMT 
1 Potennod\namic polarisation cunts for mild ueel in I5%HCI m 
absence and presence of gnen concentrations of inhibitors 
0 001 
_ - 4 0 0 
>-500 
(bl 
2 
UJ 
^-
o 
: - 600^ 
700 L 
0 001 
-500 
-600 
- 7 0 0 
(c) 
0001 
0 01 10 100 
0 01 0 1 10 100 
0 01 0 1 1 10 
CURRENT DENSITY, mAcrt i " ' 
1 blank (ISV.HO), 2 250 ppm, 3 500 ppm, 4 750 ppm 5 1000 ppm 
0 ABPV<T 6 ADPMT c PA 
2 Potenliod)namic polarisation curves for mdd steel m I5%HCl in 
absence and presence of given concentrations of inhibitors 
((„ = 184 Cl and ADPMT (f„ = 206 C), were prepared by 
similar methods and «ere charactensed by their ir spectra 
Solutions of the inhibitors «ere prepared in a mixture 
of organic solvent (5°o acetone and 5% alcohol) The 
structures of the inhibitors are gixen in Table 1 
Weight loss measurements 
Mild steel (AISI 10791 coupons of size 2 x 2 x 0 6 c m and 
composition Fe-0 14C-0 17Si-0-35Mn-003P-0025S were 
used for weight loss measurement studies Each experiment 
was performed for 30 min at 105 ± 2 C as per ASTM test 
G l -72 (Ref 11) in a 500 mL three neck borosil round 
bottom flask using a condenser The volume of acid was 
kept at 20 mL cm"- of metal as per ASTM G31-72 " 
Electrochemical studies 
For potentiodsnamic polansation studies, mild steel strips 
of the same composition embedded in araldite with an 
exposed area of 1 cm", were used The electrodes were 
polished with emery paper of 1/0, 2/0. 3/0, and 4/0 grades 
and degreased with trichloroethylene Analytical reagent 
grade HCI (Merck) and double distilled water were used 
to prepare solutions of 15%HC1 for all experiments 
Potenliodynamic polansation studies were carried out 
using an EGiSLG Pare model 173 potentiostat-galvanostat, 
a model 175 universal programmer and a model RE 0089 
A ) recorder Platmum foil of size "5 x •? cm was used as 
the auxiliary electrode, and a saturated calomel electrode 
(SCE) was used as the reference electrode for potentio 
dynamic polansation studies Each expenmcnt was earned 
out at ambient temperature (35 + 2°C) 
RESULTS A N D D I S C U S S I O N 
Weight loss measurements 
Table 2 gives the values of inhibitor efficiency and corrosion 
rate obtained from weight loss measurements for different 
concentrations of the inhibitors in 15%HC1 From the 
calculated weight loss values, the percentage inhibitor 
efTiciencv P was calculated using the equation 
uninhibited corrosion rate 
— inhibited corrosion rale 
uninhibited corrosion rale 
X 100 
Table 2 shows thai inhibitor efficiency increased witli 
increases in concentration for all the inhibitors With the 
exception of ADPMT, all of the compounds studied 
performed excellently (>98% inhibitor efficiency) as inhibi-
tors of the corrosion of mild steel in boiling 15%HCI The 
lower efhciency of ADPTM (81%) compared with the 
other compounds may be attributed to the orientation of 
the dimelhvlamino -NfCH])^ group which prevents fiai 
orientaiion on the metal surface thcrebv reducing adsorp 
tion and inhibition A similar explanation h is been given 
bv Rcneimani et al ,^' concerning the discrcpincv in tht 
Bridsli Cor ioM in Journ i l I >)1 \ i l 3^ No 
V){) OiKUfhi I III l n h ) b ] l n n h> HLW II i/i li dc r iv i l i v i ' . 
2 7 3 
= 07 -
25 26 27 28 29 
log (CONCENTRATION ppm) 
30 
•5 ACPMT • ASPMT _ AVPMT. x ABPMT O ADPMT A PA 
Temkin ad<.rrptioii isotherm phi for dffereni concentrations of 
ianous inhibitors on mild steel in ll%HCI 
order of inhibitor efficiency for isomers of anisidines, in a 
study of the inhibition of anions on the performance of 
anisidines as corrosion inhibitors 
Among the fi\e compounds, the order of inhibitor 
effiaency has been found to decrease in the order. ACPMT, 
ASPMT, A\ PMT. ABPMT, ADPMT 
Proparg\l alcohol is widely used as a commercial 
acidifying inhibitor; hence, it was chosen a^  the basis for a 
companson of inhibition performance with the prepared 
inhibitors in boiling HO solution (t05 + 2'C). With the 
exception of ADPMT, all of the investigated inhibitors 
matched the performance of propargyl alcohol 
Electrochemical studies 
Poteniiodvnamic anodic and cathodic polarisation scans 
were earned out at 35 + 2 C in 15%HC1 with different 
concentrations of all of the inhibitors The various electro-
chemical parameters calculated from Tafel plots are given 
in Table 3 
It can be seen from Table 3 that the / „ „ values decreased 
significanth in the presence of the inhibitors These 
observations indicate that the compounds synthesised 
are efTectne inhibitors for the corrosion of mild steel in 
15%HC1 The £ „ „ values were only slightly shifted m the 
presence of the inhibitors, suggesting that they work by 
inhibiting both the anodic and calhodic reactions Inhibitors 
that function in this «ay are known as mixed type 
inhibitors Figures 1 and 2 show the polarisation behaviour 
of mild steel in 15%HC1 in the absence and presence of 
different concentrations of various inhibitors 
Adsorption isotherms 
Surface coverage 0 values were obtained from electro 
chemical measurements for different concentrations of 
vanous inhibitors using the equation 
0 = il° -I yi" 
'•* \^  corr 'cotTl/^corr 
where I°^„ and l^^„ are the corrosion current densities in 
the absence and presence of inhibitor respectively It can 
be seen from Fig 3 that a plot of 0 versus log concentration 
gives a straight line, suggesting that the adsorption of all 
of the inhibitors at the mild steel/acidic solution interface 
obeys Temkin's adsorption isotherm 
Mechanism 
A plausible mechanism of corrosion mhibition of mild steel 
in 15%HC1 may be deduced on the basis of adsorption In 
ai'idic solutions, the tnazoles investigated can exist as 
cationic species like other azoles " These cationic species 
may be adsorbed on the cathodic sites of the mild steel 
and reduce the evolution of hydrogen The protonated 
tnazole denvatives can also be adsorbed on the metal 
surface on specifically adsorbed chlonde ions ' ' ' " The 
adsorption of these compounds at anodic sites through 
lone pairs of electrons of nitrogen and sulphur atoms and 
through 71 electrons of the tnazole nng and azomethine 
group will then r ^uce the anodic dissolution of mild steel 
C O N C L U S I O N S 
1 All of the investigated tnazoles, ACPMT, ASPMT, 
ABPMT, AVPMT, and ADPMT, are effecUve inhibitors 
for the corrosion of mild steel in a 15% boiling HCl 
solution and, with the exception of ADPMT, are compar-
able in performance to propargyl alcohol 
2 These tnazoles all exhibit a mixed inhibitor type 
mechanism 
3 The inhibitors reduce corrosion by being adsorbed on 
the metal surface 
4 They represent a possible alternative to the use of 
propargyl alcohol, since they are solid compounds and do 
not produce toxic vapours dunng the acidifying process 
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The Influence of some Condensation Products of 
Aminobenzothiazoles and Salicylaldehyde on 
Corrosion Inhibition and Hydrogen Permeat ion in 
Sulphuric acid Solution 
M.A. Q u r a l s h i , Wajidi K h a n a n d M. Ajmal 
Corrosion Research Laboratory. Faculty oJEngg. &. Tech.. AUgarh Muslim University. AUGARH-202 002 
2-Sa!icylidene aminobenzothiazole (SABT), 2-salicy!idenc amino-6-chloro-bcnzothia2ole (SACLBT) and 
2-sallcylldcnc amino-6-nicthoxy-benzothiazole (SAMEOBT) - condensa t ion p r o d u c t s of 
aminobenzothiazoles and salicylaldehyde - have been synthesized and investigated for their efficiency 
as corrosion inhibitor for mild s'tccl In IN HjSO, at different concentrations ranging from 100 to 500 
ppm and at different temperatures ranging from 40 to 60°C. Of these compounds SABT gave the best 
performance - an inhibition efficiency as high as 99.9% even at a vcr\- low concentration at 40"'C. 
PotcnliodjTiamic polarization studies reveal that the inhibition of corrosion of mild steel in 1N H,SO^ 
In the presence of anils Is under mixed control. These compounds are found to bring douT) the 
permeation of hydrogen through mild steel In IN H,SO, solution. The adsorption of these compounds 
on the mild steel surface follows Temkln's adsorption isotherm. Surface analysis of the mild steel 
surface exposed with SABT showed that the adsorption of this compound on the steel surface occurs 
through the interaction of lone pairs of nitrogen and sulphur atoms with the metal surface. 
A perusal of literature (1-21 reveals tha t mos t 
of the commercial inhibitor fo rmula t ions 
include aldehydes and amines a s essen t ia l 
Ing rad ien t s . Condensa t ion p r o d u c t s of 
ca rbony l s and a m i n e s (anils or s c h l f f s 
bases) are more efficient inhibitors t h a n the 
const l tutent carbonyls and amines (3]. In 
the present investigation the Influence of a 
few heterocyclic anils arising from salicyl 
aldehyde and substi tuted bcnzothiazoles on 
c o r r o s i o n i n h i b i t i o n a n d h y d r o g e n 
permeation through mild steel In IN H^SO, 
h a s been s tud ied . The choice of t h e s e 
compounds as inhibitors Is based on two 
considerations. Firstly, the p resence of it 
b o n d of an a z o m e t h i n e g r o u p a n d it 
electrons of phenyl groups. In addi t ion , the 
presence of a benzothiazole ring can induce 
g r e a t e r a d s o r p t i o n of t h e s e i n h i b i t o r 
molecules on the metal surface. Secondly, 
the presence of an -OH group can increase 
the solubility of t h e s e i n h i b i t o r s in t es t 
so lu t ions , leading to a h i g h e r inhib i t ion 
efficiency. 
MATERIALS AND METHODS 
The folowing inhibi tors were syn thes i sed in 
the laboratory following t h e p r o c e d u r e s 
reported elsewhere 14). 
OH 
j fYYN=CHH^ SABT 
OH 
Cl J D : ^ - " ^ 
OH 
„ . O J O C > - - ^ 
SACLBT 
SAMEOBT 
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2-Salicylidene aminobenzothiazole (SABT). 
2-sallcylidene amino-6-chloro-ben2othiazole 
(SACLBT) and 
2-salicylidene amino-6-methoxy-bcnzothiazole 
(SAMEOBT) 
Aggressive solut ions used were made from 
A.R. grade H^SO^ (MERCK). Appropriate 
concent ra t ions of the acid were prepared 
us ing triply distilled water . Concentrations 
of compounds used range from 100 to 500 
ppm In In H,SO^. 
Mild s t e e l (AISI 1 0 7 0 ) s t r i p s of s ize 
5x2x0.025 cm were used for weight loss and 
hydrogen permeat ion s tud ies . A mild steel 
s tr ip with an exposed a rea of 1 cm' was used 
for p o l a r i s a t i o n m e a s u r e m e n t s . The 
chemical composi t ion (wt %) of the mild 
steel is given in Table 1. 
Specimens were mechanical ly polished first 
and then us ing different grades of emery 
p a p e r s s u c c e s s i v e l y . They were 
s u b s e q u e n t l y d e g r c a s c d w i th 
tr lchlcroethylene and then dried a t room 
tempera ture before u s e . 
Corrosion Weight l o s s Tests 
Weight loss m e a s u r e m e n t s were carried out 
a s described earl ier [5]. In brief, strips of 
mild steel spec imens of 5 x 2 x 0.025 cm^ 
(in tnplicate) were immersed In 200 ml of 
corrodant media and allowed to stand for 
Table 1 
2 hours . The inhibi t ion efficiency (%1E) for 
different concent ra t ions of compounds were 
calculated from the difference in weight loss 
v a l u e s in t h e a b s e n c e and p r e s e n c e of 
compounds in IN H^SO^solutions. S tudies 
w e r e c a r r i e d o u t a t t h r e e d i f f e r e n t 
t empera tu res rang ing from 40 to 60°C. 
Potent iodTnamlc Polarisation Studies 
Both c a t h o d i c a n d anodic p o l a r i s a t i o n 
curves were recorded potentlodynamically 
at a scan ra te of 1 mV.sec"' us ing EG & G 
PARC potent losta t /Galvanostat (model 173). 
Universal p rog rammer (model 175) and with 
X-Y recorder (model RE 0089) . The cell 
assembly cons i s t s of a mild steel working 
electrode, a p l a n t l n u m foil of a r ea 3 x 3 c m ' 
a s the coun te r electrode and a s a tu ra t ed 
calomel electrode (SCE) which served a s the 
reference e l e c t r o d e . The s o l u t i o n was 
stirred us ing a magnetic st irrer . All the 
experiments were performed a t 35+2°C. 
Hydrogen Permeat ion Meastirements 
Hydrogen pe rmea t ion studies were carried 
out at a t e m p e r a t u r e of 35+2°C us ing an 
adapta t ion of the modified Devana than and 
S t a c h u r s k i ' s t w o c o m p a r t m e n t cell a s 
d e s c r i b e d e l e s e w h e r e [6 .7] . H y d r o g e n 
permeation c u r r e n t s were recorded us ing an 
X-Y-T Rikadenk i recorder in the p r e s e n c e 
a n d the a b s e n c e of the i n h i b i t o r s in IN 
H,SO,. 
C o m p o s i t i o n of U i ld s t e e l AISI 1070 
Mn Si Fe 
0 14% 0 35% 0.17% 0.025% 0 03% remainder 
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Auger Electron Spectroscopy 
The Auger Electron Spectroscopic analysis 
was earned out using a Scanning Auger 
Microprobe (SAM PHI model 1590 A. USA). 
Specimens were polished using different 
grades of emery papers and dipped for 1.5 
hours In inhibited acid solution containing 
500 ppm SABT. nnsed with triply distilled 
water and dried at room temperature. They 
were fixed on a sample holder and 
introduced Into the Fast Entry Air Lock 
fFFAL) chamber maintained at a vacuum 
level of 1 0 ' Torr. After allowing for 
degassing, the specimens were transferred 
into the preparation chamber, where 
degassing continued for long time. The 
specimens were then introduced Into the 
analyser chamber. The area of Interest Is 
then selected with the help of SEM attached 
to the Instrument and excited with a 3 keV 
electron beam. The area analysed Is 200 
A and depth resolution is 5-15 A 
RESULTS AND DISCUSSION 
Different corrosion parameters such as 
percentage inhibition efficiency at corrosion 
rates obtained by weight loss method at 
different concentration and temperatures 
are given in Table 2. It can be noted from 
the Table that all compounds Inhibit 
corrosion of mild steel in sulphuric acid at 
all concentrations used for the s tudy 
Maximum IE is achieved at 500 ppm 
concentration of each compound It Is also 
observed that the IE of SABT does not 
decrease much with increase in temperature 
(from 40 to 60°C1 thereby indicating Its 
stronger adsorption on the metal surface 
Values of IE for different anils follow the 
order 
SABT > SAC LET > SAMEOBT 
J Eleclrochem Soc India 
The dlffernece in t h e i r inhibit lve 
performance can be explained on the basis 
of their molecular s t r u c t u r e . Lesser 
inhibitlve ac t ion of SACLBT may be 
attr ibuted to the p resence of electron 
withdrawing chlorine atom, which decreases 
the electron availability in the molecule and 
leads to less adsorption and hence less 
Inhibition Since SAMEBOT is a softer base 
as compared to SABT. it forms a weaker 
bond with metal ions which leads to less 
adsorption and less inhibition 
Organic molecules arc known to inhibit 
corrosion by an adsorption mechanism (9-
101. The Inhibition of corrosion of mild steel 
by anils can be explained on the basis of 
adsorption. In acidic so lu t ions , the 
inhibitors can exist as neutral molecules or 
as cations. They may adsorb on the metal 
surface In the form of a neutral molecules 
through chemisorption mechanism (111 
The adsorption of Inhlbiors can also take 
place th rough in t e rac t ion between n 
electrons of azomethlne group (-C=N-), 
benzothiazole ring and the metal surface 
(121. 
Adsorption isotherm 
The degree of surface covrage (0) for different 
concentrations of Inhibitors In IN H^SO^ has 
been evaluated from the value of Inhibition 
efficiency and they are tested graphically for 
fitting a suitable adsorption Isotherm The 
plots of G vs log C for all the compounds 
In IN HjSO, at 40°C fits to Temkin's 
adsorption isotherm. A straight line (Fig 1) 
was obtained in all the cases pro\ang the 
fact that the adsorption of these compounds 
on the mild steel surface obeys Temkin s 
adsorption isotherm 
Vol 46 - 3 (1997) 
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Table 2 
Corrosion Parameters from Weight loss Mmethod for Mild steel 
Media 1 N Suphuric acid with Different Concentration of Inhibitors 
Inhibit 
cone (ppm) 
5 0 0 
4 0 0 
3 0 0 
2 0 0 
100 
5 0 0 
4 0 0 
3 0 0 
2 0 0 
100 
5 0 0 
4 0 0 
3 0 0 
2 0 0 
100 
40° 
Corr 
SABT 
0.05 
0 36 
1 84 
3 07 
9 65 
°oIE 
99 9 
99 4 
97 0 
95 0 
84 3 
SACLBT 
1.10 
I 59 
2.27 
3 38 
5 90 
98 2 
97 4 
96 3 
94 5 
90 4 
SAMEOBT 
8 9 7 • 
9 95 
12 48 
1 5 2 5 
23.18 
85 4 
83 8 
79 7 
75 2 
62 3 
50° 
Corr 
0 02 
1 73 
5 30 
28 90 
42 44 
9 51 
11 89 
20 12 
27 71 
6 3 85 
19 94 
27 35 
36 22 
51 36 
59 00 
%IE 
99.9 
98.1 
94 2 
68.4 
53 6 
89 6 
87.0 
78 0 
69 7 
30.2 
78.2 
70 1 
60.4 
43 .3 
35.5 
Corr 
3 51 
10 3 5 
3 3 0 0 
6 5 18 
1 10.7 
3 4 3 3 
4 3 . 5 8 
6 0 91 
104 8 
122 5 
5 5 . 6 4 
5 7 . 7 5 
91 6 3 
108 5 
122 .0 
60° 
%IE 
98 0 
94 1 
81 2 
62 3 
36 8 
80 4 
7 5 2 
6 5 3 
40 3 
3 0 2 
6 8 . 3 
67 1 
47 8 
3 8 2 
3 0 5 
Potent iodTnamlc Polarisation Studies 
Tabic 3 gives corrosion parameters such as 
^.-orf 'co„ ^^'^ Tafel slope values obtained 
from potent iodynamic polarisation curves 
for mi ld s t ee l in IN HjSO^ c o n t a i n i n g 
different concentrat ion of inhibitors. It is 
found tha t these compounds do not cause 
apprec iab le change in E^^ ,^ values and Tafel 
s lope va lues thereby suggest ing tha t all 
these inhibi tors are of mi.ved type. 
H y d r o g e n P e r m e a t i o n S tud ies 
In acidic solut ions hydrogen permeation in 
me ta l s takes place as follows 
Tabic 3 
Eectrochemical Corrosion Parameters 
Mild steel in 1 N H,SO, in absence & presence of 
Inhibitors 
M + H , 0 - + e -> H,0 + MH ID 
cone 
ppm 
ml 
SABT 
500 
400 
300 
SACLBT 
500 
400 
300 
SAEOBT 
500 
400 
300 
E 
corr 
mV 
-581 
-576 
-572 
-574 
-568 
-568 
-570 
-588 
-588 
-586 
I 
cf-r 
pA 
320 
12 
18 
20 
13 
20 
25 
20 
20 
30 
b- b . 
m V / d e c a d e 
l i O 
96 
92 
9 0 
104 
100 
9 0 
95 
92 
90 
5 0 
4 0 
4 5 
4 8 
4 4 
4 2 
4 5 
4 0 
4 5 
4 8 
IE 
0{, 
-
96 2 5 
94 37 
9 3 7 5 
9 5 9 3 
9 3 7 5 
92 18 
9 3 75 
9 3 7 5 
90 62 
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oie 
cm 
c 7e 
C O 
L o « C 
21 
r\g I. Temkin's adiorption isotherm plot for 
mild cteel In IN H,SO, containing different 
anils at 40*C. 
1 SABT 2 SACLBT 3 SAMEOBT 
where M Is the c a thode m e t a l s u r f a c e . 
followed by ei ther 
VIH MH „ > 2M + H, 
ads 2 
(2) 
(discharge step) 
II U 10 !• 
IIM£(M,nl 
Fig.2. Hydrogen permeation current TS. time 
curves for mild steel In IN H, In the absence 
and presence of anils 
1 Blank 2 SABT 3 SACLBT 4 SAMEOBT 
In the prcse.u o ._ j , , hydrccen permeation 
Studies have been r«rrjed out for mild steel 
in IN H,SO, alone and u. ,^,^ presence of 
anils and are shown In Fig.2. t, j ^ clear 
from this figure that, all the anils arc .v^j^ 
to reduce hydrogen permeat ion current 
effectively in 1N H,SO^ solut ion The be t t e r 
performance of these c o m p o u n d s is d u e to 
the availability of more n-eleclrons a n d more 
s u r f a c e a r e a w h i c h l e a d s to m o r e 
a d s o r p t i o n , i n h i b i t i o n a n d a l s o m o r e 
reduciion in permeadon c u r r e n t . 
^ H . , , + H30- + e — > M + HjO + Hj —lo) 
(electrochemical desorption) 
Hydrogen g a s is l i b e r a t e d d u r i n g t h e 
rorrosion p rocess A par t of the a tomic 
Tvdrogen p e r m e a t e s t h r o u g h the m e t a l 
when the remainder is evolved a s molecular 
nydrogen) and gels occluded m the crys ta l 
atlice Later Ihev create some d e i n m e n l a l 
•ffects such as cracking pit t ing b reakage 
•ic , on the metal surface T h u s the des ign 
>f inhibi tors should take into accoun t th is 
•Ifect also A good inhibitor m u s t e i ther 
)revent hvdrogen adsorption or favour H-H 
ccombinat ion 
Fig 3 Auger Electron Spectrum lor the mi ld s tee l 
turface exposed to IN H^SO c o n t a i n i n g SABT 
/ Eleclrochem Soc India Vol 46 - 3 (1997) 
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Auger Electron Spectroscopy (AES) 
The AES spec t ra for mild steel in IN H^SO^ 
containing SABT at a concentration of 500 
ppm is shown in Fig.3. The appearance of 
peaks for N and S a toms at 385 and 154 eV 
respectively indicates the adsorption of this 
compound on the metal surface through 
interaction betwen lone pairs of electron of 
the above a toms and the metal surface. 
CONCLUSIONS 
1. All ani ls s tud ied m the present work 
have been found to perform wei' "^ 
T-cKn-n inhib)t'~-
, in iNHjSO,. 
2. The inhibiU"- ,1 of corrosion of mild steel 
in Ih' ' p resence of these anils is under 
^athodic control . 
3 . The ani ls have been found to Inhibit the 
c o r r o s i o n of mild s tee l by ge t t i ng 
adsorbed on the metal surface. 
4. The an i l s br ing down the permeation 
cur ren t considerably in IN HjSO,. 
5. The adsorp t ion of anils on the ."lild steel 
surface from IN H "50, wl/cys Temkln's 
adsorpt ion i so therm. 
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SYNERGISTIC EFFECT OF 2-AM1NO-6-CHLORO-BENZOTHIAZOLE ON 
INHIBITIVE PERFORMANCE OF PROPARGYL ALCOHOL DURING 
CORROSION OF MILD STEEL IN BOILING HYDROCHLORIC ACID SOLUTION 
M A QuRAisHi'. MoHD A N S A R I SIIAMIM A H M A D A N D G VENKATCHARI* 
Corrosion Research Lsbontory, Department of Applied Chemistry, 
Faculty of Engineering and Technology, Aligarh Muslim University, Aligarb - 202 002, IhfDIA 
• Central Electrociiemical Research Institute, Karaikudi 630 006. INDIA 
(Received; 7 Fcbniary 1997 Accepted: iS April 1997] 
The inhibitivc action of 2 amino-6-chlorobenrothlazole (ACIJIT) and Propargyl alcohol (PA) and their 
mixture on corrosion of mild steel in 15% HCi under boiling condition has been studied by weight loss 
method. PA gave maximum IE 99.7% at a concentration of 5000 ppra and ACLBT gave maximum IE of 
«2% at 4000 ppm. The combination conUining 2500 ppm of PA and 1000 ppro of ACLBT gave 9S3% 
IE. Electrochemical polarization studies reveal that PA, ACLRT and their optimum mixture act as mixed 
inhibitor. 
Keywords: Mild steel, synergblic cTTcct, Z-amino-6- chlorobcnzothlazolc 
LNTRODUCTION 
A perusal of literature [1-3] reveals that most of the organic 
compounds used as effccltve corrosion inhibitors during 
acidi«tion include acetyler.ic compounds especially 
alcohols, a-alkenylphcnoncs, aromatic a. P-unsaturatcd 
aldehydes, nitrogen and sulphur containing heterocyclic 
compounds, quatcmary salts and condensation products of 
carbonyls and amines. Among various compounds available 
acctylcnic alcohols are considered as excellent inhibitors for 
Iov.'-alloy carbon steels and are found in commercial 
formulations (4-6] The vapours of acctylcnic alcohols arc 
toxic and they retard the corrosion of steel only at higher 
concentrations (> 1.0%) [7] Several attempts were made to 
syncrgise PA v.'ilh organic compounds; [8-10]. 
In the present work we have studied the effect of 2-amino-6-
chlorobenzothiazole (ACLBT) on inhibitivc performance of 
propargyl alcohol (PA) on mild steel corrosion in 15% HQ 
which is normally employed in acidisation under boiling 
condition. 
1 To whom correspondence lo tx? tent 
EXPERIMENTAL 
Materials and test solutions 
Mild steel (AISI 1079) coupons of size 2 x 2x 0.6 cm having 
composition C=O.M%, Mn=0J5%, Si=0.l7%, P=0.03% and 
remainder Fc, were used for weight loss measurements. The 
experiments were performed in a 500 ml three neck borosil 
• round bottom flask using a condenser for half an hour at 
378 ± 2 K. All the cxpcruncnts were performed is per 
ASTM G 1-72 and G 31-72 (11). For potcntiodynamic 
polarization studies, mild steel strips of the same composiiion 
embedded in aralditc with an exposed area of 1.0 cm' were 
used and the expcnments were carried out at constant 
temperature of 308 ± 2 K as per G 3-74 and G 5-87 (11) 
AR grade HCI (MERCK) and double distilled water were 
used for preparing test solution of 15% HCI for all the 
experiments. AR grade propargyl alcohol (PA) (MERCK) 
was used and 2-amino-6-chloro-benzolhiazolc (ACLBT) was 
synthesized in the laboratory following the procedure 
reported elsewhere (12] and the structure of the compound 
is given below; 
Melting point=454 K; Molecular weight=l84 
257 
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TABLE I: Corrosion parameters for mild steel in 
boiling 15% HC1 in absence and presence of 
inhibitors, derived from weight loss racasurenenLs 
Inhibitor cone 
(ppm) 
15% HCl (Blank) 
PA 
1000 
2000 
3000 
4000 
5000 
ACLBT 
1000 
2000 
3000 
4000 
5000 
PA + ACLBT 
1000 + 1000 
1000 + 2000 
2000 + 1000 
2-00 + 2000 
2500 + 1000 
Corrosion rat* 
(rorapy) 
12526 
10994 
9543 
177 
142 
37 
9605 
8146 
10347 
4707 
7178 
3757 
3423 
411 
444 
85 
I.E. 
% 
122 
23.8 
98.5 
98.8 
99.7 
23.5 
34.9 
17.3 
62.4 
43.1-
70 0 
72.6 
96.7 
96.4 
99.3 
The potcniiodynamic polarisation studies were carried out 
using EG & G PARC PotentiosUtAj«lvanosUt (model 173), 
Universal programmer (model 175) and with X-Y recorder 
(model RE 0089). A platinum fofl of 3 x 3 cm and a 
saturated calomel electrode (SCE) were used as auxiliary and 
reference electrodes, respectively. 
RESULTS AND DISCUSSION 
Wtight loss measurements 
Tabic I shows the values of corrosion rales and percent 
inhibition cfficicnaes obtained from weight loss 
measurements for different concentrations of propargyl 
alcohol, ACLBT and their mixture in 15% boiling HCl. 
It has been found from Table I that percent inhibition 
efficiency increases with the increase in concentration of 
propargyl alcohol in 15% boiling HCl. PA gives maximum 
inhibition efficiency of 99.7% at 5000 ppm and ACLBT 
shows maximum inhibition (62.4%) at 4000 ppm. The 
mixtiire of 2500 ppm of PA and 1000 ppm of ACLBT gave 
99 3% inhibition cfTiciency. 
Potentiodynamic polarization studies 
Potcniiodynamic polariration studies were carried out m 15% 
HCl without and with different concentrations of both the 
inhibitors alone and in combinations. The various 
electrochemical parameters calculated from Tafcl plots 
(Fig. ]) are given in Table II. It can be seen from Tabic fl 
- 5 0 0 -
•J - $ 0 0 
- 7 0 0 
0001 0 01 01 1 
Curr»M ()»n»ily (>iA c m - ' ) 
Fig I Potcniiodynamic polansalion curves for mild sleel in 7 5% HCt in ihe absence and presence of 
various conccntronons of inhibitors 1 15% IK I (filani) 3 2W ppm FA 3 500 ppm FA 4 250 ppm ACLBT 
5 500 ppm ACLBT 6 250 ppm FA + 250 ppm ACLBT 7 250 ppm FA + 500 ppm ACLBT 
8 500 ppm PA + 250 ppm ACIJT 9 500 ppm FA + 500 ppm ACIMT 
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TABLE 11: Potcntiodynaniic polarisation paramettrs 
for mild ste«I in 15% HCi at mnni temperature in 
absence and presence of inhlhitor-E 
Inhibitor 
concn (pptn) 
15% H a 
PA 
250 
500 
ACLBT 
250 
500 
PA + ACLBT 
250 + 250 
250 + 500 
500 + 250 
500 + 500 
tnV vs SCE 
-542 
-516 
-522 
-522 
-522 
-526 
-524 
-524 
-526 
3500 
50 
60 
1000 
400 
100 
40 
10 
50 
l.E 
% 
98 29 
98.29 
71.43 
88.57 
97.14 
98.86 
99.71 
98.57 
thai the I^^ vilues decreases significantly in presence of (be 
inhibitors. At optimutn concentrations ACLBT and PA give 
inhibition efficir ncy of 88J7% and 98.29% respectively. The 
best synergistic combination comprises 500 ppm of PA and 
250 ppm of ACLBT which provides the maximum protection 
(9^.71%) to mild steel in 15% H Q solution. The E ^ values 
arc almost unchanged in the presence of inhibitors suggesting 
that these inhibitors inhibit the corrosion of mild steel in 15?"c 
HCI by controlling both the anodjc and calbodic reactions. 
Inhibitors of this type are known as mixed type inhibitor^ 
The plausible mechanism of the inhibition of corrosian of 
mild steel in 15% HCI by PA and ACLBT may be explained 
on the basis of adsorption of inhibitor molecules on the metal 
surface. It is reported in the literature that PA inhibits 
corrosion by forming a polymeric film in the metal surface 
[13,14] ACIBT can adsorb on the metal surface cither as 
protonatcd species or through n electrons of the beterocydic 
ring 115] Thus the inhibition mechanism of mild stcd in 
HCI in presence of a combination of PA-ACIBT may be 
attributed to both polymerisation and adsorption mccfaamsm 
CONCLUSION 
The mixture of ACLBT and PA may be used as a less toxic 
alternative for PA during acidizing process 
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Introduction 
The inhibition of corrosion of metals in acidic 
soluuons using organic compounds as corro-
sion inhibitors is an attractne field of research 
because of Its industrial usefulness The 
selection of a suitable and proper inhibitor for 
a parucular svstem is a ditficult task because 
of the selectivitv of the inhibitors and '.ude 
vanet\ of corrosive environmencs Hence the 
development of new corrosion inhibitors is a 
neccssir\- Most of the commercial inhibitors 
are found to include carbonyls and amines as 
essential mgredientsfl]. Desai etal [2] have 
observed that the condensation products of 
carbonvls and amines, which are know-n as 
anils, give higher inhibinon efficiencv than 
those obtamed forconsatuent carbonvls and 
amines These observations have led to the 
svnthesis of a few anils by condensing a few 
2-ain]noben20thiazoles with sahcylaldchyde[31 
and aminouiazole with sahcylaldehyde[4], 
with the idea of evaluating their inhibime 
properties on the corrosi •< of mild steel in 
acidic solutions These anils have been found 
to be etlectivc as acid corrosion inhibitors tor 
mild steel. The mhibmon efficienaes for all of 
these compounds have been found to be 
greater than those for corresponding amines 
and ^alicvlaldehyde The present investigation 
aims to ev aluate the effectiv eness of 2-amino 
4-phenvlthia2ole (APT) and its three anils as 
inhibitors tor the corrosion of mild steel in 
I M H C l 
Anii Co'to'; on Methods and MaiefiaK 
Volume 4 3 Numb*f2 1996 pp S-8 
Experimental procedures 
Cold rolled mild steel stnps of size 5cm x 2cm 
X 0 025cm (C = 0 14 per cent, Mn = 0 35 per 
cent. Si = 0 017, S = 0 25 per cent, P = 0 03 
per cent and the rest iron) u ere used for 
v(.eight loss measurements and potentiodv-
namic polarization studies For potentiod\ -
namic polarization studies, mild steel stnps of 
the same composition, coated with lacquer 
with an exposed area of 1cm- was used Elec-
trodes were polished with emery papers of 
1 0 , 2 0 3 0 and 4 0 grade and degreased v. ich 
trichloroethvlene ARgrade HCl (.MERCK) 
A as used for preparing solutions Double 
diSQlled water was used to prepare solutions 
ot 1 Vl HCl for all experiments Inhibitors 
were svTithesized in the laboratorv and char-
acterized bv spectral data 
T>iis work w.as tinanculK :>uppor[cd bv he CSIR 
N - . Pe l ' 1 
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Weight loss measurements were carried out 
as described carlier[5). Potentiodynamic 
polarization studies were carried out using the 
E.G. & G. PARC Model-173, potentio-
stat/gah-anostai universal programmer, model 
175 and with X-Y recorder, model RE0089. 
All experiments were carried out at (35 ± 
2"C). A platinum foil of 3cm x 3cm was used 
as the auxiliary electrode, and a saturated 
calomel electrode was used as the reference 
electrode for potentiodynamic polarization 
studies. Auger electron microprobe (PHI 
1590A) was used for surface studies. 
Results and discussion 
Molecular structures and other details of 
inhibitors used in the present study are given in 
Figure 1. Different corrosion parameters such 
as percentage inhibition efficiency and corro-
sion rate obtained by weight loss method at 
different concentrations and temperatures are 
given in Table I. It is seen from Table I that all 
the compounds inhibit the corrosion of mild 
steel in HCl, at all concentrations used for the 
study. Inhibition efficiencies for all these com-
pounds are found to increase with increases in 
the concentration, APT is found to give maxi-
mum inhibition at SOOppm, whereas other 
compounds give maximum inhibition at a lower 
concentration of 300ppm. 
Variation of the inhibition efficiency with 
temperature is shown in Figure 2. Ic an be seen 
from the figure that the inhibition effidency for 
all the compounds except CAPT decreases 
with an increase in temperature from 40'C to 
60"C, thereby indicating its stronger adsorption 
Table I Corrosion parameters from weight loss method for mild steel In 
1M HCl containing thiazole derivatives 
•igure 1 The inhibitors used in the study 
>l. No. Name Structure 
2 - amino-
4 - phenylthiazole (APT) 
2 - dnnamaliderw amino-
4 - phenylthiazole (CAPT) 
2 -vanillidene amino-
4 - phenylthiazole (VAPT) 
2 - salicylidene amjno-
4 - phenylthiazole (SAPT) 
^ S - ^ N =<H-CM -CH o 
^ = - " 6 — 5 * 
OCH, 
-(3"°" 
H 0" 
Inhibitor 
concentration IE 
(ppm) (%) 
IMHa 
APT 
500 
400 
300 
200 
CAPT 
300 
200 
100 
50 
25 
VAPT 
300 
200 
100 
50 
25 
SAPT 
300 
200 
100 
50 
25 
-
94.5 
93.7 
92.1 
90.2 
99.5 
98.7 
96.5 
95.5 
94.0 
98.3 
97.3 
95.2 
94.0 
92.0 
97.0 
96.2 
94.5 
92.6 
91.5 
40*C 
corr 
(mmpy) 
36.45 
2.0 
2.29 
2.87 
3.57 
0.18 
0.47 
1.27 
1.64 
2.18 
0.61 
0.98 
1.74 
2.18 
2.91 
1.09 
1.38 
2.00 
2.69 
3.09 
IE 
(%) 
-
96.2 
94.2 
92.0 
89.1 
98.1 
96.8 
95.8 
91.9 
91.9 
97.0 
96.0 
94.8 
92.5 
90.5 
97.0 
95.2 
93.7 
90.4 
88.5 
50'C 
con 
(mmpy) 
74.34 
2.84 
4.33 
5.98 
8.15 
1.42 
2.39 
3.14 
4.93 
6.06 
2.24 
2.99 
3.89 
5.61 
7.10 
2.24 
3.59 
4.71 
7.18 
8.60 
60*C 
IE 
(%) 
-
95.0 
92.9 
90.0 
88.0 
98.0 
95.7 
93.8 
92.4 
89.8 
97.0 
96.2 
94.4 
91.7 
88.1 
95.4 
88.4 
80.5 
75.6 
72.7 
V 
COfI 
(mmpy) 
108.60 
05.42 
7.71 
10.86 
13.03 
2.17 
4.66 
6.73 
8.25 
11.07 
3.25 
4.12 
6.08 
9.01 
12.92 
4.99 
12.59 
21.17 
26.50 
29.64 
on the metal surface. Values of inhibition effi-
ciency for APT and difl irent anils follow the 
order 
CAPT > VAPT > SAPT > APT. 
This difference in their inhibitive performance 
can be explained on the basis of their molecular 
structure. The adsorption of these compounds 
on the metal surface occurs through: 
• the interaction between the ;r-electrons of 
the benzene ring and thiazole ring and the 
positively charged metal surface; 
• interaction between lone pairs of electrons of 
nitrogen and sulphur atoms and the positive-
ly charged metal surface; 
• interaction between the protonated species 
of these compounds and negatively charged 
metal surface. 
SAPT gives better performances as an inhibitor 
than APT. This can be explained on the basis of 
the presence of an additional benzene ring, 
? ^m-.'thcne group (=C=N'-) and the electron 
releasing-OH group in the SAPT molecules. 
Better performance of VAPT than SAPT may 
28^ 
Influence of som^ Ttiiazole deftvative^ on the coaosion of mild t^eef 
M A Quraishi et al 
Act Cofrc^lC ^l uC, c M e afs 
Voluaie43 N u n S ^ ' ; 3A] 5-8 
Figure 2 Vanation of inhibition efficiency for 2-amino 4 phenylthia2cle and different anils witt i ten^perature (a) APT 
( b ) a u T , \^APT(d)SAPT ForAPT 1 SOOppm, 2 400ppm,3 300ppm, 4 200ppm. for anils 1 300ppm, 2 200ppm, 
3 lOOppm, 4 50ppm 
Inhibition efficiency (per cent) 
9 7 -
9 5 -
9 3 -
91-
89-
40 50 
Temperature *C 
Inhibition efficiency (per cent) 
1 0 0 -
96-
92-
88 
40 _ SO 
Temperature 'C 
60 
60 
(0 
inhibition efficiency (per cent) 
100-
96-
92-
40 50 
Temperature "C 
Inhibition efficiency (per cent) 
100-
90-
80-
70-
40 SO 
Temperature "C 
60 (b) 
60 
(d) 
be artxibuted to the presence of an electron 
releasing -OCH3 group, which facilitates its 
greater adsorpuon on the metal surface, leading 
to more effiaencj- than SAPT. Of the com-
pounds used for the study, C A P T gives the best 
performance as an inhibitor. This can be 
explained on the basis of the presence of an 
addiaonal - C = C - bond bet\*een the carbon 
atoms in conjuganon with azomethene 
(=C=N') group. TTiese extensively delocalized 
n^-electrons favour its greater adsorpuon on the 
metal surface, thereby giving rise to very high 
values of inhibition effiaency (99.5 per cent) at 
a concentrauon as low as 300ppm The 
decrease in inhibinon effioency with tempera-
ture indicates the fact that the mhibmon film 
formed on the metal surface is less protective in 
nature at higher temperature. Most probably 
desorption of the inhibitor molecules from the 
metal surface occurs at a faster rate at high 
temperatures According to Putilova ei al [6], 
the behaviour of these compounds can be 
compared to the unstable catalvst pMDisons, 
ufiose adsorption falls appreciablv wTth 
ini^rojsc in temperature 
Adsorption i sotherms 
Values surface coverage (0) obtained from 
values of inhibition efficiencv were plotted 
against log C for different concentrations of 
these compounds. It is found that a straight 
line is obtained, indicaung that the adsorption 
of these compoimds from IM HCl on the 
mild steel surface follovvs Temkm's adsorption 
isotherm (Figure 3) 
Po ten t iodynamic po la r i za t ion studies 
Table II gives corrosion parameters such as 
•^ corr ^'^'^ ^corr obtained from potentiodvnamic 
polarization curves for mild steel in IM HCl 
containing different concentrations of 
2-amino-4-phenylthiazole and ditlcreni anils 
It IS found from this table that these com-
pounds do not cause any appreciable change 
in f^ ,^^ .^ values in HCl , thercb\ suggesting thjt 
all these compounds are mi\t.d tvpe 
mhibitors It is also observed that . \FT causes 
maximum reduction in the / value at 
..orr 
500ppm values, whereas other (.ompounds 
cause m.'" ' ^um reduct ion j t a louercoi iccn 
tratuMi ot KlOppm 
28P 
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Figure 3 Temkin adsorption isotherm plot for the 
adsorption of APT and other amis in 1M HCl (a) CAPT (b) 
VAPT(3)SAPT(4)Ai>T(5)CAPT 
0 85-
1.4 1 6 
logC 
18 20 22 24 26 28 
Inhibinon efficiencv values obtained from / 
corr 
values for different concentrations of com-
pounds under study do not show any agree-
ment with those obtained from weight loss 
method. This obsen'ation can be explained in 
the following way. Weight loss measurements 
arc experiments of long duration, which helps 
in the formation of a thick, inherent and 
continuous film on the metal surface. This 
leads to the complete shielding of the metal 
Table II Electrochemical corrosion parameters for mild steel in 1M HCl in 
absence and in presence of tfiiazole derK atives 
Inhibitor concentration 
(ppm) 
BLANK 
(1MHCI) 
APT 
500 
400 
300 
CAPT 
500 
400 
300 
VAPT 
500 
400 
300 
SAPT 
500 
400 
300 
COf' 
mVvs:>CE 
-576 
-580 
-587 
-578 
-570 
-573 
-570 
-569 
-571 
-571 
-576 
-572 
-573 
COTT 
dA. cm"^ 
350 
70 
100 
130 
120 
130 
170 
160 
170 
180 
170 
200 
200 
I.E. 
{%) 
-
80.0 
68.57 
62.85 
65.71 
62 85 
5142 
54.28 
51.42 
48 57 
51.42 
42 85 
42 85 
Figure 4 Auger electron spectrum of APT adsortied on 
mild steel 
dA/ 
d? 
0 200 400 
Electron energy, eV 
600 800 1,000 
surface from the corrosive emironment. But 
polarization studies are experiments of short 
duration and the time will not be enough for 
the formation of a thick and continuous film. 
This leads to low value of inhjbition efficiency 
in all cases. 
Auger electron spectroscopy 
The Auger electron spectrum for APT on the 
mild steel surface (Figure 4) shows the pres-
ence of peaks of sulphur and nitrogen atoms 
at ISOeV and 390eV respectively and this 
observation coniirras the fact that the adsorp-
tion of this compound occurs through the 
interaction bet%veen lone pairs of sulphur and 
nitrogen atoms and the mild ctecl surface. 
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A STUDY OF CORROSION INfHIBITORS ON OIL WELL STEEL AND 
MILD STEEL IN BOILING HYDROCHLORIC ACID 
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A new and effective corrosion inhibitor namely ACIDEX-Ql, useful during acidization of petroleum well 
has been synthesized in the laboratory from indigenous and cost effective chemicals and its corrosion 
inhibiting action has been evaluated by weight loss and electrochemical techniques In 15% hydrochloric 
acid under boiling condition. The performance of the synthesized compound was compared with propargyl 
alcohol, a commercially available acidizing inhibitor. The synthesized compound ACIDEX-Ql showed 
better performance than that of PA on mild steel and oil well steel. 
Keywords: Synthesized corrosion Inhibitor and oU well addization 
INTRODUCTION 
Acidization of petroleum oil well b one of the important 
stimulation techniques for enhancing oil production. 
Hydrochloric acid (15 to 28%) solutions arc commonly used 
for this purpose. Because of the extremely aggressive nature 
of the acid solution the practice of inhibition is commonly 
used to reduce the aggressive attack of the add on tubing 
and casing materials [1] during acidization. 
A survey of literature reveals that only few inhibitors arc 
available that can withstand higher acid concentration and 
temperature. The effective acidizing inhibitors which arc 
usually found in commercial formulations are acetylcnic 
alcohols [2-5], Alkenyl phcnoncs (6], Aromatic Aldehydes 
[7,8], Nitrogen containing heterocyclics and their quaternary 
salts (9-11) condensatjoa products of carbonyls and remains 
[12]. 
Among various organic compounds available, acetylcnic 
alcohols are widely used because of their commercial 
viability. However, they suCfer from the following 
drawbacks. They arc effective only in high concentration and 
produce toxic vapours under acidizing process [13]. 
In view of the above mentioned factors there exists a need 
for dcvclopmcat of new acidizing corrosion inhibitors. In the 
present investigation new corrosion inhibitors have been 
prepared in the laboratory from indigenous raw materials. 
TTic corrosion inhibiting action of these compounds has been 
evaluated by weight loss and electrochemical methods. 
EXPERIMENTAL 
The experiments were carried out using oiltlcld steel P-105 
and cold rolled mild steel (0.2%) in 15% HCl at 380 ± 2 K. 
The composition of oil field steel is given in literature [14]. 
The metal samples of size 3 cm x Z5 cm were used for 
weight loss studies. The metal specimens were polished and 
decreased with trichloroethylene before use and weight loss 
experiments were pycrformed in a specially designed glass 
cell consisting of 3 necks. The volume of test solution per 
square centimeter was maintained at about 20 ml. The 
inhibitors ACIDEX-Ql was prepared by reacting an 
equLmolar mixture of a heloketone and thiourea and the 
resulting product was condensed with automatic aldehyde, 
and was characterized through its spectral data and its purity 
was confirmed by TLC. 
For polarisation studies, specimens of 1 sq.cm. area were 
used. The specimens were polished with different grades of 
enicry papers of lA)-4/0 degreased with trichloro ethylcjic. 
5 necked specially designed glass cell was used for the 
electrochemical studies. Mild steel and oil field steel were 
526 
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TABLE 1: Electrochemical corrosion parameters for 
r-105 in 15% HCI containing 0.25% inliihitors at 3X0K 
&05 01 
Fig.]: Potenliostalic polarbalion curves for MS in 15% at 380 K 
I. MS + 15% net 2. MS ¥ 15% lia + PA 
3. MS + 15% IICI + ACIDCX-Ql 
used as working electrode Platinum was used as auxiliary 
electrode. Saturated calomel electrode was used as reference 
electrode. Potentiostatic polarisation studies were carried out 
using potentiostat (EG & 173) universal programmer (EG & 
G 175) at a sweep rate of 1 mV/sec. 
RESUl.TS AND DISCUSSION 
Various corrosion parameters obtained from weight loss 
method for mild steel in 15% HCI in the absence and 
presence of inhibitors, under boiling hydrochloric acid 
conditions at 380 « 2 K at concentration of 0.25% each, are 
1000 
Fig 2: Potentiostatic polarisation curves for 
P-105 in 15% HCI at 380 K 
1. P-105 + 15% NCI 2. P-105 + 15% IICI + PA 
3. P-105 + 15% HCI + ACIDEX-Ql 
Inh 
Blank 
15% I i a 
AODEX-O 
PA 
•"-TOCT 
mV vs 
SCE 
-460 
-405 
-404 
Tafel s opes 
niV/decade 
be 
120 
110 
no 
ba 
130 
80 
80 
tforr 
mA/cm 
5.0 
0 6 
0.6 
Corr. 
rale 
(mmpy) 
57.00 
6.84 
6.84 
l.E 
% 
88 
SS 
given in Table III. It is evident from the table that the 
synthesized compound gave better performance than PA 
propargyl alcohol. 
The potentiostatic polarisation curves of mild steel and oil 
well tubular steel P-105 in absence and presence of 0.25% 
the concentration of each inhibitor, in 15% HCI arc shown 
in Figs. 1 and 2 and various electrochemical parameters are 
given in Tables I and II respectively. The results clearly 
brnig out the facts ACIDEX-Ql & PA arc of mixed type 
but predominantly control anodic reaction. The corrosion rate 
of mild sicel in 15% HCI at 380 ± 2 K is 456 mmpy. 
ACIDEX-Q] and PA reduce the corrosion rate to 6.72 and 
43. These results show that the synthesized inhibitors is 
better than the PA inhibitor. There is a fairly good agreement 
between the inhibition cfTiciency values obtained by weight 
loss & electrochemical methods. The corrosion parameters 
obtained by the electrochemical technique on P-105 arc 
shown in Table I. The results show that ACIDEX-Ql and 
PA arc predominantly anodic inhibitors and they individually 
reduce the corrosion rate of P-105 from 57 mmpy to 
6.84 minpy. 
The mechanism of inhibition of steel corrosion in presence 
of PA is well documented in the literature (15-16]. The 
synthesized inhibitor ACIDEX-Ql is a heterocyclic 
compound. It inhibits the corrosion of the steel in 
hydrochloric acid by getting ad.sorbed on the metal surface 
TABLE II: Electrochemical corrosion parameters for 
mild steel in 15% HCI containing 
0.25% inhibitors at 380K 
Inh 
Blank 
15% HQ 
AODEX-Q 
PA 
Ecorr 
m V VS 
SCE 
-510 
-515 
-480 
Tafel slopes 
roV/decade 
be 
110 
140 
138 
ba 
110 
64 
66 
Uo^ 
mA/cm 
40.0 
0.6 
3.8 
Corr. 
rate 
(mmpy) 
456.00 
6.72 
43 .23 
1.F 
* 
— 
9 8 3 
90.5 
527 
28P 
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TAULE III; Electrochemical corrosion parameters f<tr 
MS in 15% HCI at 380 K (wt. loss method) 
containing 0.25% iiiliibitors 
Inhibitors 
Blank 15 % H Q 
AQDEX-Ql 
PA 
WU loss 
(g/cm ) 
0.8676 
0.0224 
0.0250 
Corrosion 
nitc (ninipy) 
9969.0 
250.0 
278.0 
I.E. 
(%) 
97.49 
97.20 
1. 
2 
3. 
4 
5 
through its n electrons and lone pairs of electrons of the N 
and S atoms present in tlie heterocyclic ring. 
CONCLUSION 
The synthesized compouud ACIDEX-Ql has been found to 
act as an effective corrosion inhibitor for mild steel and oil 
Well tubular steel (P-105) in 15% boiling hydrochloric acid 
solutions. It showed better performance than propargyl 
alcohol for mild steel and was found to be as good as 
propargyl alcohol for oil well tubular steel. 
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authors, M A Quraishi thanks the Director CenU-al Electroehemical 
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Influence of substituted benzotliiazoles on corrosion in 
acid solution 
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CompounJi, buch ai 2-aminobcnzolliiazoie (ABT). 2-aniiiio-6-clilorobenzoihiazole (ACLBT) 
2-amino-6-mcth)l bcnzothiazolc (AMEBT) and 2-amino-6-mclhoxy bcnzolhiazolc (AMEODT) 
have been s>iuiieb,ized and iheir inhibilive action on the corrosion of mild steel in 1 M HCl has been 
evaluated using weight loss, potentiodynamic polarization studies and hydrogen permeation 
measurements. Determination of inhibition efficiency in the presence of these compounds at different 
temperatures clearly indicates that ACLBT shows the best performance. e\ en at a temperature as high 
as 60°C. Potentiodynamic polarization studies reveal the fact that ABT and its derivatives act as 
cathodic inhibitors. All these compounds arc found to reduce the permeation of hydrogen through 
mild steel in HCl solution. The adsorption oj" these compounds on mild steel from HCl solutions obeys 
Temkin's adsorption isotherm. The adsorption of 2-amino benzothiazole on the mild steel has been 
substantiated by Auger electron spectroscopy. 
1. Introduction 
Heterocyclic compounds are v*.ell known for their 
cdicacy as corrosion inhibiiors and those containing 
nitrogen ha\e been frequently referred to in the 
literature [1-6] However, hctcrocsclics containing 
both sulfur and nitrogen in the same ring have 
received minor attention. It has been reported by 
Palcl ci al. (7, 8] that 2-iTiercapiobenzolhiazole 
inhibits the corrosion of copper and its alloys in 
different corrosive environments Singh and co-
workers (9. 10] ha\e studied the effect or2-mercapto-
benzothiazole on the inhibition of corrosion of mild 
steel and hydrogen adsorption in acidic solutions 
Recently some hydrazino-benzothiazoles have been 
synthesized and their usefulness as corrosion 
inhibitors for mild steel in acidic solutions has been 
evaluated by several authors [11. 12] 2-amino-
benzothiazole and its 6-substituted derivatives have 
not yet been investigated as inhibitors for the corro-
sion of mild steel in acidic solutions In the present 
study the influence of 2-amino-benzothiazole and 
its derivatives on the inhibition of corrosion and per-
meation of hvdrogcn through mild steel has been 
investigated 
2. L\|R'rmK'nIal details 
Mild sicci snip-, of M/c 5em A 2i.m .- 0 02^i.m 
having 0.14%C, 0.35% Mn. 0 17%Si. 0 025% S 
0 03% P and the remainder Fe. were used for 
weight loss measurements and hydrogen permeation 
studies. For potcntiodvnamic polarization studies 
mild steel strips of the same composition with an 
exposed area of 1cm" vvere used. Electrodes were 
polished successively with emerv papers of 1/0. 2'0 
3''0 and 4/0 grade and then decreased with trichloro-
ethylcne AR grade HCl tMERCK) was used for pre-
• paring all solutions Double distilled water was used 
to prepare solutions of 1 M HCl for all experiments 
2-aminobenzothiazo!es vvere svnthesized following 
the general procedure reported elsewhere [13] 
Weight loss measurements were carried out as 
described earlier [14] Potentiodvnamic polarization 
studies were carried out using an EG&G PARC 
potentiosiat/galvanostat (model-173) a universal 
programmer (model 175) and an X-Y recorder 
(model RE 0089) Hvdrogen permeation studies 
were carried out using ^n .idapiaiion of ilie modifiod 
Devanaihan and Stachurski's two compartment cell 
as described elsewhere [15. 16] All the experimenis 
were carried out at a room temperature of 35 ± 2 'C 
A platinum foil of 3cm .x 3cm and a saturated 
calomel electrode (SCE) vvere used as auxiliary and 
reference electrodes rcspectivch The Auger electron 
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The inhibition of corrosion of mild steel in acidic 
solution b> \BT and its deri\ati\es can be explained 
on the basis of adsorption on the metal surface. 
(Il Ik'ii/olhi.i/ok'N c\ist II! .Kid ^oluliiiiis ,iN nouli.il 
niiilLXuk'-- iM 111 ihc Kiiin ii| LJIIOII-- Thi.'\ cm KKOIII 
on I ill.' nKi.ii sill I.Ki 111 (he loiin ol ,1 IK'UII.II nu>li.xul 
\i,i ihi.' thoinisoi piuiii iiKxii.1111^ 111 122) iinolxmi; ihc 
sh.iimy ol civMUMis Ixiuccn ilu' .iioiiis ol niiioecn 
,I1HI Mllllll \Mlh lUMl (111 \d-.oipllOll ol lhc--0 
I.OIIIPIHIIK1M..III OV.^ 111 lliuniiih --v;lcclion inlcLKlioiiN 
bclwccn the bcn/ciK' iiny ol the niolcciilos .mJ ihc 
nicLiI suiKicc .md (111) ihe\ cjn also occur in iho 
lonii ofa poMii\cl> cluirgcJ pioionaloJ spccics which 
can iiilcracl clcciiosi,nicall> wuh nci;ali\cl\ charged 
nici.il siiif.iccs \2?] \s chlorulo ions ;iic siroiiiih 
adsoibcd on ihc mci.il .SUILKC. ihc canonic loini ol 
ihcsc coinpiHinds ^:.tn joinib adsorb on the nicial 
surlace without much difficult). 
Table 2 t;i\es \;ihics of inhibition eflicionc\ for 
specific concentrations of aminobenzothiazoles in 
combination with (1.2.'^ "'.i Kl ,it dirTerent temperatures. 
The addition of pota.sMum iodide is found to enhance 
the inhibition elliciency for all the compounds. In the 
presence of iodide ions, maximum enhancement of 
inhibition efficiency is observed for compounds such 
as ABT. AMEOBT and AMEBT which show \ery 
low values of inhibition efficiency at higher tempera-
tures. This observation brings out the lact that 
strongly adsorbed iodide ions are not easily desorbed 
even at very high temperatures, thereby enhancing the 
inhibition efficiency of these compounds. In the 
presence of strongly absorbed negative ions the 
surface charge is changed to negative by the specific 
adsorption of these ions, resulting in the joint adsorp-
tion of anions and amine cations [24). Thus the 
synergistic effect of anion and cation on the inhibition 
of corrosion of mild steel in acids is dependent on their 
joint adsorption. Thiazolonium ion can adsorb on the 
negatively charged metal surface by the coulombic 
attraction using the positive charge of protonated 
species and thus brings down the self corrosion by 
the stabilization of the adsorbed ions and bv the 
increase in surface covcrace. 
I i j I I ' . ' l v -Uu J !i 1^  p.M.ifi 111 M ^ i i r \ . - I' r 1 ' K N ^  
( u r ^ l ^ I ,1 M m l i l ' i M i l k . \ ( I H I n ' l W I l O l l l 
Cu;rc-i densily/ pA cm" 
M I M I K 1 ill I I K i h ^ v i H i - M 
, , 1 \ M L H I 
, U i ' •^ , l / ' . M l l i i / . i U s 
I2^4 
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3. Results and discussions 
3.1. \i'cii:lil law siiiilic 
I oriiuil.io of c(nii|xniiKK iiiKJcr sUalv ;iro yivon in 
T.ibic 1. Vulucs of pcrcoiu.iyc iniuhiiion OHKICHCN 
loi iho aiirusioii ol mikl siccl in 1 \| IIC'I m llio 
pic.vciicc of diiroioiil conccmraiions of ;miino-
benzoihiazole and its derivatives at dilTerent tempera-
tures (35 to 60 'C) are given in Table 2. The inhibition 
efficiency increases with increase in the concentration 
ofuiJubitprs from 100 to 5()()ppni. Maxinuim inhibi-
tion cfliciency is obtained at a concentration of 
500 ppm and a further increase in the concentration 
does not cause any appreciable change in perfor-
mance. Moreover, it is found that the inhibition 
cfl'icicncy of these compounds, except the chioro 
derivative, decreases with increase in lenipcraturc. 
This is probably due to (he increased dcsorption of 
the inhibitor molecules at higher temperatures. 
The inhibition efficiency values for amino-
benzothiazolc and its derivatives in 1 M HCl for a 
common concentration of 500ppm at room icmpcra-
ture follows the order: 
ABT > ACLBT > AMEOBT > AMEBT 
However, at higher temperatures. 50-60 ~C, the order 
of inhibition efficiency is 
ACLBT > ABT > AMEOBT > AMEBT 
The higher inhibition efficiency obtained for the 
chioro derivative is due to the fact that its dipole 
moment is grc.Uci lluin ih.ii ol iho paroiu .miinc 
(ABT). Sniialouska ci <il (17) IKI\O (ibscned a simil.ir 
boiiaviour for tiic chioro suhsiiuioiU in iho case ol 
tiiiophonc dcri\ati\cs. Gad-.Allah c/ al [IX] have 
also reported thai ciiioio viibsUUiicd aiiiniop\ia/olc 
iiives liiiilier inhibilioii cIlicioiK} llian (he paicni 
eompoiiiul diiiiiiL: llie aeid eoiiosioii ol eoppci in 
the prevcnee of aniinop> razoles 
The lower inhibition show n b> meilioxs and meUi\ I 
derivatives as compared to the parent and il.s cliloro 
derivative is attributed to the orientation of these 
groups in the ring in contact with the mcla! surface. 
\i)iich Is rc>pons]h\c for inilocncing ibc e\lcni of 
inhibition. These group."; prexent a flat orientation of 
the molecules, resulting in lower coverage of the metal 
surface. A similar explanation has been given by 
Rcngamani <•/ al. [19] to explain the discrepancy 
in the order of inhibition cllicienex lor isomers of 
anisidincs. while studying the influence of anions on 
the pverformance of anisidines as inhibitors of the 
corrosion of mild steel in acidic solutions. The 
superior performance of mcthoxy amine as compared 
to the methyl derivative can be explained on the basis 
of Pearson's HSAB principle [20, 21], according to 
which the meihoxy derivatise can be considered as a 
hard base. This forms a strong bond with ferrous 
and ferric ions, which leads to higher adsorption 
and greater inhibition. In (he methyl derivative, the 
inductive cflect of the methyl group makes the 
nitrogen centre a softer base. Thus ferrous and ferric 
ions form a weak bond with the soft base. This leads 
to less adsorption and thereby lower inhibition. 
SI. No. 
} 
2 
3 
Z. 
Name 
2 - amino benzothiazoie (ABT) 
2 - a m i n o - 6 - chioro -
benzothiazole (ACLBT) 
2- amino - 6 - methoxy -
benzothiazole (AMEOBT) 
2 -amino - 6 - methyl -
benzothiazole (AMEBT) 
Structure 
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•15 
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i^i 
25 
15 
55 
100 
80 
50 
70 
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80 
100 
100 
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105 
iin 
KM 
105 
mo 
100 
115 
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110 
50 
50 
52 
55 
50 
50 
50 
50 
52 
<;2 
71 4 
';6n 
96 0 
97 0 
S7.I 
100 
IIK) 
105 
105 
50 
52 
52 
52 
42 8 
86 0 
93.0 
9(1 0 
84; 
100 
100 
120 
50 
50 
50 
71.-1 
77.0 
85 0 
80.0 
53.0 
68 0 
77.0 
71.4 
The degree of surface coverage [fi) for didcrcni 
concentrations of the bcnzoihiazoles have been 
evaluated from weight loss measurements as described 
earlier (25). Surface coverage {9) values were fitted to a 
suitable adsorption isotherm. Plots of 6 against log c 
yielded a straight line showing that the adsorption 
of benzoihiazoiesTrom HCl on mild steel surface 
obeys a Temkin adsorption isotherm. 
Time/min 
I-iy 2. M\drOL'cn p c n n c j i i o n c i i r rcm ag. imsi u m e c u r \ c s for miM 
siccl in I \i }K"1 in iho jhscncc j n d prc>cncc ,-^^ ^ t ibsi i iulcJ hcii-
/o i ln , i ?o lcs i^l lOppini CunL•^. l.il bl . ink. (h i \ B T . (c) A C L B T . 
(ill \ M i i i i n .nui ici N M r n r 
3.2. Poieiiiioilyiuiniic polarization studies 
Both cathodic and anodic polarizjition behaviour of 
mild steel in 1 M HCl. in the absence and presence 
of a specific concentration (500 ppm) of amino-
benzothiazoles. is shown in Fig. I. Electrochemical 
corrosion kinetic parameters are given in Table 3. 
The /corr values decrease considerably in the presence 
of difTerent concentrations of aminobenzothiazole 
and its derivatives. Inhibition elliciencies obtained 
from /corr values follow the same trend as already 
observed in the case of weight loss measurements at 
room temperature. No definite trend is observed in 
the shift of ^corr values in the presence of different 
concentrations of these compounds. It is found that 
the value of cathodic Tafel slope (b^) is found to 
change with change in inhibitor concentration, which 
clearly indicates the influence of these compounds on 
the kinetics of the hydrogen evolution reaction. 
However, the value of the anodic Tafel slope (6J 
is practically constant, as these compounds do not 
influence anodic dissolution. Thus, all these com-
pounds act as cathodic inhibitors. The addition of 
Kl is found to enhance the inhibition efficiency for 
all the compounds. This can be ascribed to the 
synergistic influence of iodide ions on inhibition 
efficiency. Similar observations have been recently 
reported b\ Aziiii ci w/. (26] for.ilie coiiobion o^ 
niilJ steel in 1 \i HCl in the presence of dic\clo-
hewl.inline in Kl 
INI LL fiNCH Ol S U I i S T I T U l t-1) B I ; N Z 0 T H 1 A Z 0 L L T . S " ) N ' C ( ) K K ( ) S I ( ) \ l \ A C I D S O U ' T I O V 
100 200 700 300 ^ 0 0 500 6 0 0 
Electron energy / eV 
Fig. 3. Auger electron spearum for mild steel surface exposed to 1 M HCl containing 2-aminobeiuoihiazole. 
800 900 1000 
3.3. Hydrogen periiicaiion inca.utremeius 
The hydrogen permeation current against lime curves 
for mild steel in 1 M HCl in the absence and presence" 
of aminobcnzolhiazolc and its derivatives (500ppm) 
are shown in Fig. 2. All the compounds reduce the 
permeation current to the maximum possible extent. 
The extent of reduction in the permeation current in 
the presence of these compounds in 1 M HCl. follows 
the order; 
ACLBT > ABT > AMEOBT > AMEBT 
The reduction in hydrogen uptake can be attributed to 
the formation of surface compounds by adsorption on 
the metal surface. These retard the discharge of 
hydrogen ions and decrease the coverage of the metal 
surface by hydrogen atoms, thereby resulting in less 
hydrogen permeation. The formation of hydrides by 
dissolving mild steel may also create a barrier for 
the transfer of hvdrooen ions into the metal. 
3.4. Auger eleciroii speclroscopy 
Figure 3 slunvs an Auger electron spcetnini for ;\ niild 
steel surface c.vposcd to 1 M HCl containing 500 ppm 
of 2-aminobenzothiazole. The appearance of peaks 
at 156 and 387 eV, respectively indicates adsorption 
of this compound on the metal surface through the 
electron pair of the sulfur and nitrogen atoms in the 
ring. 
4. Conclusions 
(i) Aminobenzothiazole and its derivatives perform 
well as inhibitors of the corrosion of mild steel 
in acidic solutions. 2-amino-6-chloro-bcnzo-
tliiazolos shows ihc host pcrrorinance. e\en ai 
highi;r KM«pcr;iUiics. 
(ii) All these compounds behave as cathodic inhibi-
tors by influencing the kinetics of hydrogen 
evolution. 
(iii) They are found to reduce the permeation of 
hydrogen through mild steel in 1 M HCl. 
(iv) Adsorption on mild steel obeys a Temkin adsorp-
tion isotherm. 
(v) The addition of iodide ions to 1 M HCl enhances 
the inhibition elTiciency of all the substances. 
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INVESTIGATION ON SOME AROMATIC SCHIFFS BASES AS 
ACID CORROSION INHIBITORS FOR MILD STEEL 
M A QuRAisiii. M A J M A L A N D S SUCRE 
Faculty of Engineering and Technology, Aligargh Muslim University, Aligarh 202 002. INDIA 
[Received:' 14 October 1995 Accepted: 14 December 1995] 
Some aromatic SchifEs bases have been synthesized by condensing p-anisidine and different aromatic 
aldehydes such as cinnaraaldehyde, vanilline and saiicylaldehyde. Tlie inhibitive action of tliese Schiffs 
bases have been studied on the corrosion of mild steel in 1 N HCI and in HjSO^. Tlie Schiffs base of 
cinnaraaldehyde and p-anlsidine gave 9 3 ^ % Inhibition efticiency In 1 N HCI acid solutions, even in low 
concentrations of the inhibitor. The potentiostatic polarization studies reveal tliat all the inhibitors are of 
mixed type. The adsorption of Uiese compounds on the steel surface from both the acids obeys Teraklns 
adsorption isotherm. 
Keywords: Aromatic schins bases, an acid Inhibitor and mild stcci '-
INTRODUCTION 
A study of organic corrosion inhibitors is an attractive field 
of research due to its usefulness in various industries. A 
Perusal of recent literature [1,2] reveals that most of ibc 
commercial inhibitor formulations include aldehydes and 
amines as essential ingredients. Turbina ct al [3] observed 
that condensation products of carbonyls and amines which 
arc known as anils or shiffs's bases give higher hihibition 
efficiency than that for constituent carbonyls and amines. 
Dcsai and co-workers [4] have studied a few schiffs bases 
bases (derived from aromatic aldehydes and amines) as 
corrosion inhibitors for mild-steel, in hydrochloric acid. They 
found that llic inhibition efficiency of the investigated 
schiffs bases is much greater than that for corresponding 
amines and aldehydes. Prompted by (he interesting results of 
these authors wc have recently synthesized a few anils by 
condensing a few substituted aminoliiazolcs and a 
salicyaldchydc with a view to evaluate their inhibiting 
properties on corrosion of mild steel in acidic solutions. All 
the anils were found to be effective inhibitors for acid 
corrosion of mild steel. The inhibition efficiency of ail the 
inliibitora was found to be greater than that of the 
corresponding amines and saiicylaldehyde [5]. In the present 
investigation the influence of some aromatic schiffs bases 
synthesized by tlie condensation of p-anisidinc and aromatic 
aldehydes such as cinnamaldcbydc, vanillin, and 
saiicylaldehyde, has been studied on corrosion of mild steel 
in 1 N HQ and 1 N H^SG^. 
EXPERIMENTAL 
Cold rolled mild steel strips of size 5 x 2 x 0.025 cm 
(C = 0.14 % Mn = 0 J 5 % Si = 0.17 % S = 0.025 % 
P = _p.03 % rest iron) were 'used for weight loss 
measurements and potentiostatic polarization studies. For 
potentiostatic polarization studies, mild steel strips of same 
composition coated with lacquer with an exposed area of 
1 cm was used. These electrodes were polished with emery 
papers of 1/0, 2A), 3A) and 4/0 grade and dcgreascd with 
trichloroethylcnc. AR grade HCI and HjSO^ (MERCK) were 
used for preparing all solutions. Double distilled water was 
used to prepare solutions, of 1 N HCI and H^SO^ for all 
experiments. Schiffs bases were synthesized by the 
condensation of pranisidine and aromatic aldehydes in 
elhanol. Structures of the inhibitors are given in Table I. 
Weight loss measurements were carried out as described 
earlier [6]. Potentiostatic polarization studies were carried out 
using E.G. & G. PARC, modcl-173, potcntiostat/galvanostat 
universal programmer, modeI-175 and with X-Y recorder, 
model RE0089. All experiments were carried out at 
.308 ± 2 K. A platinum foil of 3 x 3 cm. was used as the 
auxiliary electrode and a saturated calomel electrode was 
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TABLE I' S t r u c t u r p q oF ;nhrta:tors 
NAME STRUCTURE 
CINNAMALDEHYDE- H D C a # ~ \ N = C H - C H = C H / ^ ^ 
P-ANISIDINE <CPA) \ = / \ = / 
DCH, 
VANILLIN ,, yp-^ ff-^ 
P-ANISIDINE<VPA)H,CD^ y N = C H - / V DH 
SALICVLALDEHYDE- /r^>.-ru/TX 
P-ANISIDINE CSPA)" '"-"^-/ \>.N-CH_(/ \) 
used as reference electrode for potcntioslatic polarization 
studies. 
IIESULTS AND DISCUSSION 
Values of percentage inhibition efficiency for mild steel in 
1 N HCI and H2SO4 in the presence of different 
concentration of schiffs bases arc given in Tsbic II. It is 
evident from the table that all the examined schiffs bases arc 
effective conosion inhibitors in both the acid solutions. It is 
observed that cinnamaldchyde-p-anisidinc (CPA) gives the 
highest inhibition efficiency of nearly 94 % even at a 
concentration of 300 ppm. Vanillin-p-anisidinc (VPA) gives 
an inhibition cfQciency of 8 5 J %, at 400 ppm and 
salicylaldchydc- p-anisidine gives 613% at a concentration 
of 500 ppm. The inhibition efficiency values of examined 
aromatic schiOs bases follows the order CPA > VPA > SPA. 
TABLE II: Inhibition efficiency for different 
concentrations of schifT bases for corrosion of mild 
steel in 1 N HCI and 1 N H^SO^ 
Concentrations of 
scliiff bases (ppm) 
InliibitioD efficiency (%) 
IN HCI IN HjSO^ 
CPA 
300 
200 
100 
VPA 
400 
300 
200 
100 
SPA 
500 
400 
300 
200 
93.80 
88.80 
72.70 
85.80 
80.80 
70.00 
66.80 
67.30 
59.10 
48.70 
32.70 
90.00 
80.00 
58.90 
69.00 
59.00 
55.00 
43.00 
63.00 
54.00 
47.00 
37.00 
The effectiveness of a compound as a corrosion inhibitor 
depends on the structure of the organic compound [7J. The 
variation in inbibilivc efficiency mainly depends on the type 
and the nature of the substitutents present in the inhibitor 
molecule [8]. Thus, on the basis of the above mentioned 
factors, the difference in protective action of schiffs bases 
can be explained. In the present study the inhibition of 
corrosion by SPA may be attributed to the adsorption of its 
molecules on the metal surface by interaction with n 
electrons of the azoinclhinc (-C=N) group and n elections 
of the aromatic rings. Since VPA contains an additional 
electron releasing -OCH3 S''°"P> ' ' gives better protective 
action to steel surface than SPA. CPA is found to give the 
highest inhibition efficiency among the studied compounds 
because it contains an additional % bond between carbon 
atoms, (-C=C-), which is absent in VPA, through which its 
molecules are likely to adsorb strongly on the metal surface 
leading to high efficiency. 
The plots of surface coverage values 0 vs log c give almost 
straight line in both the acid solutions indicating that the 
adsorption of schiffs bases on the mild steel surface obeys 
Tcmkin's adsorption isotherm. 
A Salient feature of the investigation is that all the inhibitors 
give belter perfonnance in 1 N HCI than in 1 N HjSO^. This 
has been explained on the basis of synergism [9,10]. The 
potcntiostatic polarization curves of mild steel in absence 
and presence of optimum concentrations of schiffs bases in 
1 N HQ and 1 N H^SO^ are shown in Figs.l and 2 and 
various electrochemical parameters arc given in Table III. 
The results deariy bring out the fact that all the compounds 
under study bring down the conosion current without causing 
any appreciable change in values of corrosion potentials 
suggesting that all the schiffs bases are mixed inhibitors. 
500 
600 
700 
l . l N H j S O * 
2, 1NH2S04 - . SPA 
3, I N H j S O ^ • VPA 
4 , I N H j S O ^ ^ C P A . 
^ ^ ^ ^ 
1 
.* 
1 
,1 
•^3 ^ 
• < > - ^ 
s i 
10 10 ' 103 
CURRENT DENSITY >l. A c m - J 
Fig. 1: Potenliostatic polarisation curves of mild steel in 
1 N II-SOj containing optimum concentration of schiffs bases 
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4-00 
1, IN HCI 
2llN HCI • SPA 
SOO 
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too 
T A U L E I I I ; Elec t rocl icmical parainetti-s for 
the corrosion of mild steel In 1 N HCI and 1 N HjSO^ 
with and wi thou t iiihibilors 
to 10^ lo-" 10' 
CURRENT DENSITY it.A em- l 
Fig. 2: Pdenliostatic polarisation curves of mild steel in 
1 N llCl containing optimum concentration of schiff bases 
CONCLUSIONS 
All the schifCt bases are found to pcrfonn well as corrosion 
inhibitors in sulphuric acid and hydrochloric acid solutions, 
but a better performance is noticed in the case of 
hydrochloric add. The scbiffs bases are found to act as mixed 
inhibitors. They are found to inhibit the corrosion of mild 
stcd by getting adsorbed on the steel surface by interaction 
with Ti electrons of the aromatic rings and a azomcthine 
group. 
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SPA 
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(mV) 
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THE EFFECT OF MOLECULAR STRUCTURE ON 
HYDROGEN PERMEATION AND THE CORROSION 
INHIBITION OF MILD STEEL IN ACIDIC SOLUTIONS 
S M U R A U D H A R \ N M A QURAISHI* and S V.K IYER' 
Radiockctrochemistn Group EEB Dnuion Central Electrochemical Research Institute Karail,ucii-6-'' 
(X)6 Tamilnadu India 
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Abstract—The influence cf some tnazole den\atives SN-nthesised in the laborator> containing differcni 
hetero atoms and substituents in the organic structures on h>drogcn permeation and corrosion inhibition of 
mild steel m aadic solutions ha> been studied using weight loss and \anous electrochemical AC and DC 
corrosion monitonng techniques \i\ the tnazole denvativcs inhibit the corrosion of mild steel more 
effecti\d\ both in 1 N H;SOj and 1 N HCl even at ver> k>w concentrations Potentiodvnamic polansation 
studies clear1> reveal that the\ behave predominantl> as catbodK inhibitors The extent of reduaion 01 
hvdrogen permeation current thrcjgh Meel surface has been studied by the hvdrogen electropermeation 
technique Double U>cr cap<icitan>.e jnd charge transfer resistance \alues uere denved from N>quist plot<: 
obtained from AC impedance -lu^ e> The adsorption of these compounds on steel surface from both the 
aods obe>s the Temkin adsorption i-oiherm UV spectral studies »ere also earned out to establish the jctual 
mechanism of inhibition of corrosion 
[NTRODUCTION 
Bcnzotnazole and naphthotnazolc'" as corrosion inhibitors ha\e been mainh 
directed tov.ards the protection of copper and its alloys Recentl> the role of 
nitrogen and sulphur in the heterocjclics and the role of azole as inhibitors for the 
corrosion of copper and copper oxide surfaces have been examined ' Chatur\edi and 
Chaudhar> ha\e studied the inhibitive action of \anous azolei on the corrosion ol 
steel in 1 M H:S04 The corrosion inhibition of zinc by tnazole compounds'^ and the 
influence of N- ar.d S-containing heterocyclics on corrosion inhibition ha\e been 
reported b\ various researchers '^'^ 
All the abo%e studies reveal the one common observation that azoleb can be 
regarded as excellent corrosion inhibitors But studies on the influence of azoles on 
hvdrogen permeation through iteel substrate dunng pickling are very scarce A good 
inhibitor should have the following tvi.o important requisites (1) it should have vrrv 
good inhibition efficiencv and (2) it should bnng down the hydrogen permeation 
current to a considerable extent Some organic compounds give verv high values ot 
inhibition efliciencv but thev have a negligible effect in reducing the" hvdrogen 
permeation current and vice versa Compounds which come under this class produce 
hvdrogen cmbnttlement in a later stage b> the combination of permeated aiomiL 
hydrogen This delaved tailure creates cracking, pitting breakage etc on the met.1l 
•Corresponding auihor 
Manux.npt received H •X-' ' I---J4 in jmcndcd forms lOOctober 1994 and 5 March 199s 
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surface. Compound? chosen for the present study, namely 5-tncrcapto-3-H-4-
salicylidencamino-1.2.4-triazole (MST), 5-mcrcapto-3-mcthyI-4-salicylidcneamino-
1.2,4-tria2ole (MMST) and 5-mcrcapto-3-/j-propyl-4-salicylidencamincH 1.2.4-
iriazole (MPST). are synthesised in the laboratory with an objective of bringing 
down both the self corrosion of mild steel and hydrogen permeation through the steel 
surface in acidic solutions more effectively. 
EXPERIMENTAL METHOD 
Mild steel specimens of compositions. C = 0.07%. P = 0.08%. Si = 0%. S = 0%. 
Mn = 0.34% and Fe remainder, and of size 5 x 2 x 0.025 cm were used for weight loss 
and hydrogen permeation studies. A mild steel cylindrical rod of the same composition 
as above and embedded m araldiic resin with an exposed area of 0.283 cm" was used for 
potentiodsTiamic polarisation and AC impedance measurements. 
Inhibitors were synthesised in the laboratory as per the rcfxsrtcd procedures 
elsewhere." 
All the inhibitors were preliminarily screened by a weight loss method described 
earlier.'" Both cathodic and anodic polarisation curves were recorded 
potcntiodynamically ( ImVs" ' ) using corrosion measurement system BAS 
Model: I OCA computerised electrochemical analyser (made in West Lafayette. 
Indiana) and PL-10 digital plotter (DMP-40 series. Houston Instruments Division). 
A platinum foil. Hg HgrCl; 1 N HCI and Hg Hg^SOa/l N H2SO4 were used as 
au.xiliary and reference electrodes, respectively. The hydrogen permeation study was 
carried out using an adaptation of the modified Devanathan and Stachurski's two 
compartment cell, as described eariier.'"'"''' Double layer capacitance iCji) and charge 
transfer resistance values (/?,) were obtained using AC impedance measurements as 
described in an eariier publication. '• The surfaces of corroded and corrosion inhibited 
mild steel specimens were examined by diffuse reflectance studies in the region 200-
700 nm using L'-3400 spectrometer (UV-VIS-NIR Spectrometer. Hitachi. Japan). 
E.XPERIMENTAL RESULTS AND DISCUSSION 
H 'etghi loss measurements 
Figure I shows the inhibition efficiency for different concentrations of inhibitors in 
1 N H:S04 and 1 N HCI. It is found from this figure that all the compounds inhibit the 
conosion of mild steel even at a \ery low concentration (2 mM) in both the acids. 
Very high inhibition efficiencies of these compounds is understandable from the 
electron donor properties of the different nitrogen atoms present in the molecule. The 
structure of these compounds is shov,n in Scheme 1. 
scheme 1 R = H or CH, or C H -
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8 »2 16 
CONCENTRATION ( mM ) 
Fig 1 Inhibition cfficieno \^ concentration plots for mild steel in I N H;SOj and 1 N HCl 
containineinhibiior<; I I N H.SOj - MST.2 1 N H O -r MST 3 1 N H^SO^ + MMST 4 
1 \ HCl - VlNtST 5 I N H:S04 + MPST 6 1 N HCl - MPST 
h IS seen that throughout the molecule, an cxtensi\cly dclocahsed orbit covers all 
the molecular atoms and the orbit is filled up with a number of n-clectrons. being 
contributed from the diflTcrcnt anchoring atoms of the molecule. It is apparent from 
the molecular structure that these molecules arc able to adsorb on the metal surface 
through N and S atoms. -N=CH groups, heterocyclic and aromatic nngs. though it is 
not cas\ to establish a cUssificition of importance v^ithout an\ experimental evidence 
Moreover, the presence of the OH group is also expected to increase the solubilitv of 
organic compounds in aqueous acidic medium v^hich enables the use of ven low 
concentration (2 m.M) of inhibitors 
Even the lov.cst concentration (5 mM) gives an inhibition cfficienc> as high as 90-
950 0 m 1 \ H;SOaand 80-900 0 in I N HCl The inhibition of corrosion of mild steel 
bv these compounds is mainlv due to the formation of a stable film on the metal 
surface The formation ot a stable film on the metal surface through chemisorption 
v.as tested as reported in .in earlier publication '^  It v.as found thai an adsorbed film is 
formed on mild steel >urtjce which is responsible for the inhibition of corrosion in 
both the acids The protective .ictivitv of the adsorbed film in both the acid solutions 
vv.is retained for .» period ol lime when specimens dipped in inhibited acids uere 
transferred to fresh .icid without inhibitor This observation clearlv proves that the 
inhibition is due to the form.ition ot an insoluble stable film through the process ot 
chemisorption on the metal surface The values of inhibition etficiencv follou the 
order MPST > MMST > VIST 
Reshe'nikov observed that the efficiency of an inhibitor improves with an 
increa<^ in the polaritv ot the substituent Riggs and Cox'* reported that the electron 
acceptor charactenstics of compounds ma> be improved bv the introduction ot 
electron donating groups m the molecule The present investigation conhr-ms their 
prediction 
•ipplhtiiioi! of uduirpiion i^oiherni The degree of surface coverage ((*i tor 
difTereni concentrations ot inhibitors from both the acids has been evaluated Irom 
weight loss and capacitance values as described earlier "" The data were tested 
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graphically for fitting a suitable isotherm. Tcmkin isotherm was tested by plotting Q vs 
log c for all the compounds in both the acids. A straight line was obtained in all the 
cases proving the fact that the adsorption of these compounds on the mild steel surface 
obeys the Temkin adsorption isotherm. 
Poienliodynamic polariaation studies 
Table 1 and Table 2 give various corrosion kinetic parameters such as corrosion 
current (/corr)- corrosion potential (Ecorr) ^nd anodic and cathodic Tafcl slopes (b-^ and 
b^) derived from the potentiodynamic polarisation curves. The influence of these 
compounds on the above kinetic parameters is discussed below. 
Corrosion potential > Ec<,„). E^on values for different systems obtained under 
free corrosion conditions are given in Table 1 and Table 2. All the three compounds in 
both the acids shift £cr,rr to less negative values with reference to the blank. But it is 
obscr\ed from these tables that there is a large shift in Ecort values to a less negatise 
potential at the lowest concentration (2 mM). An increase in the concentration of 
inhibitors in test solutions leads to increase in £corr towards more negative values. 
Corrosion cvrreni 11^,^„). Values of corrosion current obtained derived from 
Tafel curves for the corrosion ofmild steel in 1 NH2S04and 1 NHCl alone and in the 
presence of different systems under study are given in Table 1 and Table 2. It is seen 
from these tables that mild steel corrodes to a greater extent in 1 N HCl. than in 1 N 
H^SOj. as seen from the values of/corr for ™'d steel in these acids. Among these three 
compounds MPST is found to show maximum reduction in corrosion current 
followed by MMST and then MST. The order can be written as: 
MPST>MMST>MST. Values of corrosion inhibition efficiency obtained for t ^ c 
compounds also follow a similar order. 
Tabk I. Poteniiod>namic polarisation parameters for the corrosion of mild sieel in I N H:S04 »ith 
jnd uiibout inhibitors 
Inhibitor 
and cone 
(mM) 
BUnk 
(INl 
MST 
• > 
5 
10 
MMST 
• » 
5 
10 
MPST 
• > 
< 
10 
f c r . 
- Q l f 
-SSO 
- 8 s : 
-S-^? 
- 855 
- 8 8 0 
--XX) 
- 8 " 5 
- 8 W 
- S'i5 
Tjfel SIo 
imV dec 
t, 
1.10 
l^" 
r<i 
N5 
\b'^ 
is; 
:o: 
ro 
1>X) 
:r 
ipe;. 
-') 
>. 
so 
s: 
86 
>^i 
84 
>): 
>^ 4 
82 
8b 
-K) 
'corr 
(m.A cm"'l 
1.68 
0.24 
0.19 
0.14 
0.20 
0.16 
0 15 
0 18 
0.13 
0.06 
IE 
( M 
S5.7 
88 7 
91 6 
88 1 
905 
91 1 
89.3 
92 3 
96 4 
IE(%) 
from 
weight loss 
— 
89 4 
91 2 
91 6 
90? 
92.3 
93 3 
95 8 
97 0 
98 0 
l E C . I 
from EIS 
<9 0 
89 6 
900 
900 
90 2 
91 4 
94 3 
94 6 
95 0 
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Tiblc2 Potentiod)-namicpolansation parameters for thecorrosionofmild steel in I NHCI with and 
utthout inhibitors 
Inhibitor 
and cone. 
(inM) 
Blank 
( IN) 
MST 
2 
5 
10 
MMST 
2 
$ 
10 
MPST 
2 
5 
10 
^ o r r 
(mV) 
- 5 2 5 
- 4 9 5 
- 4 9 7 
- 5 1 5 
- 4 8 0 
- 4 9 0 
- 5 1 7 
- 4 7 0 
- 4 7 5 
- 4 - 8 
Tafd Slopes 
(mVdec 
fcc 
120 
156 
191 
212 
175 
I9g 
206 
228 
240 
267 
-') 
ft. 
60 
62 
63 
66 
60 
63 
65 
62 
64 
64 
'con 
(mAcm"") 
2 02 
0 62 
0 54 
0 42 
0 52 
0.4J 
OJS 
0 30 
0 25 
0.19 
IE 
C'\ 
— 
6 9 ' 
73.2 
"9 2 
74? 
78^ 
8 2 ' 
85.1 
8" 6 
O06 
IE(°<,) 
from 
weight loss 
— 
70 3 
3^ 1 
mo 
'6 0 
'9 4 
84 0 
85" 
88 0 
sy 5 
l E C . l 
from EIS 
— 
S5 6 
8 " : 
900 
92 J 
92 ^ 
93 6 
94 4 
Q4t. 
94 6 
TaWe I and Tabk 2 give values of inhibition efficicncv obtained from weight loss 
and electrochemical measurements in the absence and presence of compounds used in 
this study. A good agreement has been noticed, in all the cases especially m 1 N 
H:S04. ' 
Tafel slopes rhc and bf). In the absence of compounds under studv. the 
polarisation behaviour of mild steel in 1 N HCl gave an anodic Tafel slope {bj of 
60 mV and a caihodic Tafel slope (fcc) of 120 mV. These \alues of fcj and h^. are in good 
agreement with those already reported" for mild steel in the same medium. In 1 .N" 
H1SO4 an anodic Tafel slope of 80 mV and a caihodic Tafel slope of 130 mV were 
obtained 
An increase in the concentration of these compounds mcreases the \alues of both 
h^ and 6, in both the acids. But the value of i , increases to a lesser extent onl>. So the 
corrosion of mild steel in the presence of these compounds is under mixed control, but 
predominantly under cathodic control. Similar obscn.aiions ha\e already been made 
by Abd-El-Nabey <-/a/."° who studied theinhibitionof corrosion of steel in H:S04 b> 
a few triazolinc derivatives. Aliphatic sulphides have also been found to act as mixed 
inhibitors for the corrosion of steel in HiSO^.^' The maximum increase m / \ i^  
observed in the case of MPST. In this case, the caihodic hvdroeen evolution reaction li 
polarised to the maximum e.xtent. leading to ma.ximum inhibition of corrosion of mild 
steel in both the acids The value of cathodic Tafel slope for a concentration of 5 mM 
follov,s the order for HCl 
MPST > MMST > MST 
240 198 191 
A similar order is observed for 1 N H2SO4 also The corrosion inhibition efficiencv 
for these compounds in both the media also follows j similar order 
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H\ drogen permeation measurements 
Hydrogen permeation current vs time for mild steel in the absence and presence of 
MST. MMST and MPST (5 niM) in both the acids are shown in Fig. 2(a>-2(c). Figure 
2(a) shows the permeation current v-s lime plots for mild steel in plain 1 N acids. The 
permeation current for mild steel in 1 N HCl is found to be more than that for 1 N 
H;S04. U is found from Fig. 2(b) and 2(c) that MST enhances the permeation cunent 
for a shorter duration of 4 min and thereafter the permeation current reduces 
considerabK in both the acids. But MMST and MPST reduces the permeation current 
to the maximum extent throughout the duration of the experiment. 
It is found from Table 3 that all these three compounds bring down the permeation 
current morecffecti\el\ in both the aads. The better p)crformance of these compounds 
IS due to the availabilit> of more 7r-clcctrons and more surface area which leads to 
more adsorption on the metal surface, thereby resulting in more corrosion inhibition 
and more reduction in permeation current. The improved performance of MPST and 
MMST over MST can be attributed to the presence of alkyl substituents. namel> -
CHi and -C;H- which are electron releasing, leading to more inhibition of corrosion 
and more reduction in the permeation current. 
The reduction in the permeation current brought out by these compounds m b> 
the acids follows the order: MPST > MMST > MST. Actually the corrosion inhibition 
efficiency follows the order: .MPST> MMST>MST which is the same as that 
observed for percentage reduction in permeation current. A definite correlation 
exists between the extent of corrosion inhibition and the percentage reduction in 
permeation current. It is obserxed that all these three compounds arc able to bnng 
down both the self corrosion and the permeation of hydrogen through steel surface 
from both the acids at a \ery low concentration of inhibitors (5 mM). 
The effect of caihodic polarisation and hydrogen permeation current. It is 
expected that compounds which give higher cathodic TafeJ slope will exhibit lower 
h>drogen intake or lower h>drogen permeation. The observed increase in the cathodic 
Tafcl slope leads to an increase m the energy barrier for proton discharge and leads to 
lower hydrogen permeation. All the compounds are found to enhance the cathodic 
Tafel slope and show a decrease in the p>ermeation current in both the acids. MPST 
shows a maximum value of cathodic Tafel slope among these three compounds under 
studv. 
So a definite correlation is found between the values of cathodic Tafel slope and 
permeation current Sizes of organic molecules and the availability of more 
Table 3 \ .ilu« oi h\ drogen permeation current for the corrosion of mild steel in 1 N 
H.-SOjandin 1 N HCl alone and in the presence of inhibitors (5 m.\l) 
Inhibitor 
Blanks 
UN) 
MST 
MMST 
MPST 
N H.-SOa 
Permeation 
..urreni I; 
i:o 
4 7 
4 : 
• 4 
l \ ) reduction 
60 
65 
"1 
1 NHCl 
Permeation 
current (/iA) 
23 0 
lo: 
94 
80 
.^ reduction 
55 
59 
65 
3 0 E 
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(a) } < 
14 
< 
a- 10 
C 
1 " 
c 
i 
0 
^ 
_ 
/ 
/ ^,^-^ 
- /y^ 
K I 1 1 1 1 I . r 1 
« 1C 1} 
Tim« (mm ) 
« 10 1} 
Time ( min ) 
- a 1 
- • 2 
- • J 
• '0 12 
T i m « ( m i n ) 
Fig 2 (JlH>droeenp<:rTneationcurrcnnsumeplot\formilJNteelinpljin 1 Nacidb I IN 
HCl. 2 I N H;S04 (b| Hvdroeen permejiion current \s time pkns tor mild >tcel in I N 
H^SO^containine 5 mM concentration of inhibilor> 1 I N H.-SOj - MST. 2 1 N H.-SOj -
MMST. > I N H;SOa - MPST (cl H>drogen permeation current \s time plots lor mild »teel 
in I N HCl containing 5 mM concentration 01"inhibitors I I N HCl - .\fST 2 1 N HCl * 
MMST » I N HCl - MPST 
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interactions with the metal surface because of the presence of different hetero atoms 
arid substituent groups in the molecules may be responsible for these observations. 
Impedance measurements 
Impedance diagrams obtained for the frequency range 60 kHz-1 mHz at the open 
circuit potential for mild steel in 1 N HCl and 1 N H2SO4 in the presence and absence 
of different compounds under study are shown in Fig. 3{a>-3(c). It is seen from these 
figures that the impedance diagram in most of these cases does not show perfect 
icmicircies. This difference has been attributed to the frequency dispersion." 
Impedance parameters such as /?,. Cji and Icon are derived from Nyquist plots as 
described elsewhere'"'" and are given in Table 4. 
It li observed from Table 4 that the value of 7?, increases with increase in the 
concentrations of the inhibitor and this in turn leads to a decrease in L^„ for mild steel 
in acidic solutions. .As impedance diagrams for solutions examined have almost a 
semicircular appearance, it indicates that the corrosion of steel is mainly controlled by 
8 12 IS 
Z ( ohms ) 
20 24 
( b ) 250 
- 150 
E 
5 0 -
-50 
_ 
-
^ \ 1 
1 1 
U> 6 ^ J 
1 i^T) J \ 1 
1 1 1 1 
-~ ( i ' 
1 1 
1 1 
1 | \ 1 
llLI 
1 1 1 
0 100 200 300 «)0 500 500 
2 (ohms ) 
(C) 200 
100 
n 
D ^ 
/ / 1 
-~^^~^A ' 
" 1 \ 
3 
1 1 \ 
100 200 300 400 
Z (ohms ) 
500 
Fic 5 u ) Impedance spccirj for mild st«l in plain 1 N acids 1 1 N H:S04 2 1 N HCl lb) 
Impedance spcctrj lor mild sieel in 1 N H;S04 containing 5 mM concentraiion of inhibitors 
I I N H;S04 - MST. ; I .\ HjSO, * MMST. 3 1 N HjSO, + MPST (cl Impedance 
•>pecirj lor mild ^iccl in 1 N HCl containing 5 mM concentraiion of inhibitors 1 1 \ HCl -
MST : 1 N HCl * MMST. 3 I .S HCl + MPST 
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Tabk 4 lirpedinoe parumclers for the corrosion of rmkl steel m 1N H S^O^ and in 1N HCl alone and in the 
presence of different concentrations of inhibitors 
System 
(mM) 
BUnk 
(1 N) 
MST 
"> 
5 
10 
MMST 
•> 
5 
10 
MPST 
1 
5 
10 
R, 
(ncm'l 
6 36 
65 65 
- i ' : 
"6 9S 
•'2 90 
-9J6 
96 59 
i r 9 i 
U" 16 
156-8 
InH.SO^ 
c^ 'corf 
(jiF cm'-) (mAcrn"") 
183 2 
103 3 
915 
89 5 
87 5 
19 3 
770 
75 0 
72 0 
700 
3 38 
0 37 
0 35 
034 
034 
0 33 
029 
0 19 
0 18 
017 
IE 
(••) 
— 
S9 0 
89 6 
900 
900 
902 
914 
94 • 
946 
95 0 
R, , 
(Octn-I 
4 47 
34 79 
41 52 
57 06 
64 02 
72 92 
87 0'' 
1150"; 
126 IS 
134 54 
In 
Ci\ 
(nF cm~' 
244 0 
1505 
138 2 
1290 
1185 
1140 
112 5 
1100 
1100 
108 0 
HCl 
' ^ 
) (niAcm~"l 
390 
0 56 
0 50 
0 39 
0 30 
0 29 
02"; 
0 22 
021 
021 
IE 
(".) 
— 
V-6 
"^ 2 
90 0 
92 1 
92 ^ 
9 6 
94 4 
94 ^ 
94 ^ 
a charge transfer process In fact, the presence of all these compounds enhances the 
\alue of R, m both the acids Values of /corr are also brought down to the ma\imum 
extent in the presence of these compounds and follow the order 
MPST > MMST > MST 
This order exactly correlates with the order obtained for corrosion inhibition 
efficiency and Naiues of /^ orr obtained from potentiodynamic polarisation studies 
Values of double laser capacitance are also brought down to the maximum extent m 
the presence of MPST and the decrease in the values of Q ; follows the order similar to 
that obtained for xalues of Z^ orr m this stud> The decrease in Q i max be due to the 
adsorption of these compounds on the metal surface leading to the formation of a tiln 
from both of the acidic solutions 
Comparison of electrochemical rediniques with the coinenttonal weight las'; method 
Some differences are alv.a>s noticed w, hen corrosion rates and inhibiUon efhcien<.\ 
determined bx conxentional weight loss method are compared \sith those obtained 
from electrochemical techniques such as Tafel extrapolation and AC impedance 
methods The difference obser\ed can be attributed to the fact that weight lo^b 
methods gne a\erage corrosion rates, whereas electrochemical methods give 
instantaneous corrosion rates This difference ma> also be expected to arise because 
of the difference in the time required to form an absorbed laver of the orcam^ 
compound which can bnng down corrosion But this difference is not noticed in tl e 
present stud\ It ma\ be due to the fact that the time required to form an adsorbed tilm 
ma> be much less in the presence of these compounds so that all the techniques 2i\e 
the same values of inhibition efficiencx especialh m the case of 1 N H-SOj 
L i \peitral retlei lance \tiiJie<i The fact that inhibition of corrosion ot mild 
steel in acidic solutions in the presence of organic compounds mas be due to the 
1748 
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( a ) 50 
300 400 500 
Wov«l«ngth ( nm ) 
( b ) 50 
300 400 500 
Wavilengjh ( nm ) 
700 
Fi2 4 I Ji I V rjflectjnce c u n « for mild -s«l speamcns under different condnions in 1 N 
H-SOj I- fHMi«r.ed. : immervrd in IV H.-SO^ ?• inunersed in MST:4: immersed in MMST. 
^;'lmmerv^J in MPST (bl UV reflecunce curves for mild steel specimens under different 
^ n d i i i o n , m l N H C l I poli.hed.:. immerse) in IN HG; 3'immersed in MST. 4 immersed 
in MMST. 5 immersed in MPST, 
formation ot"tilm on ihe metal surface. i> also supported by reflectance studies carnei. 
out using a spectrophotometer for different specimens under similar conditions. .^  
comparison of reflectance curves drawn on a uniform scale for buffed mild stee 
specimens, buffed ^>pecimens immersed m 1 N H2SO4 and 1 N HCl alone and in ih 
presenccofMST. MMST and MPST (5 mM) are shown in Fig. 4(a) and 4(b). It can b 
seen that the percentajie of reflectance is maximum for a buffed specimen and it ha 
been reduced considerabh in the case of sfjccimens immersed in plain 1 N acids. Thi 
3Q^ 
The efTccl of molecular structure 11'^ 'i 
observation clearly reveals the change in surface characteristics due to the corrosion of 
inild steel in plain I N acids. However, in the case of specimens immersed both in 1 N 
H:S04 and 1 N HCl containing 5 mM concentration of MST, MMST and MPST. 
reflectance has been reduced to only a very small extent. This shows that surface 
characteristics are not altered very much, due to the formation of a film on the surface. 
A close look at the above figures clearly reveals the fact that the performance of MPST 
is best in this regard, followed by MM JT and MST in the decreasing order in both the 
acids. 
CONCLUSIONS 
The main conclusions drawn from this study are: 
1. MST. MMST and MPST have been found to perform well in both the acids, but 
a better performance is noticed in the case of I N H:S04. 
2. All the inhibitors studied were found to affect both the anodic and cathodic 
processes, i.e. the inhibitor is of the mixed type, although the inhibition of cathodic 
reaction is predominant. 
3. MST. MMST and MPST can inhibit the iron dissolution by the strong 
adsorption of molecules on the metal surface, leading to the formation of an 
insoluble protective surface film which suppresses the dissolution reaction. 
4. All the compounds are able to reduce the hydrogen permeation current 
cffcaively in both the acids. 
5. The absorption of these compounds on the mild steel surface from both the acids 
obeys Temkin adsorption isotherm. 
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AZATHIONES A NEW CLASS OF ACID CORROSION INHIBITORS FOR 
MILD STEEL 
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A iii-s* <.Ias<; <if cornision iiiUiliiturs niimtly Atathiones hus been synlUcsizecl it» the Iaborutor7 and their 
liinuciiic <iii the oMTosl.m of iitlld Nlctl In IN HjSO^ und IN HCl has been iiivcstigulcd Iiy wclglil h)<,'; 
und ixitentidstiid'c polanziitinn (ecliii!(|ues. l l iey are found to be nuire iiiliibilive in HCl. Potentiostutic 
piilari^tiiiii data clearly sho\»' that theie biliibltors are of tnixed type uiid Inhibit corrosion by getting 
ad,.iirt)ed on the metal surface. Hie adsoqitlon of all the uxuthloncs on the steel surface in both the acids 
i\ found to iil)cy Tcjr.kin udsoi"plion Uotherm. 
Kc)worv!<: 'V/.ul(l<in«-^ , ucid aimxlon Inlillillor und mild jlecl. 
I N T I l O D U r n O N 
nif .<t!iJy oforgAnif coaipouudi as a-.'id auro.'.ion inhibitors 
i.s a Nubjod of continuing intcrc.-il due to ils usclulnr:>s in 
scvcr.il industries during pickling of ;iiet.-ls, cleaning of 
N'ilcri and acidi/ation of oil wells (I ]. The sclcciion of an 
inliibilor lor a particular sy.sicni is a dillicult la.sk due to the 
specificity and scl'-ctivity of inhibitor; am.' laigc varieties of 
corrosion .systems (2]. Mnchu ci al. [y\ h.nvc pointed ont that 
sulphur coiil.iini:",^ conipounds arc prclcrrcd lor IKSO^. 
ll.ickorni.in niid MaVridcs 14] cxpl.iincd ;l-.il S- cont.iining 
org.anic compounds have spcci.il eUlc.xy as these 
cninpounJs are better electron donor. A>cr tt al. (5) have 
reported substances conuiniing aioi.is of boili nitrogen and 
sulphur in the molecule give hclicr inhibition cfTicicncy. 
Recently, we have evaluated some nitrogen .ind sulphur 
cont.iiiuiig heterocyclic conipouiid.s and found them as 
excellent inhihi:ors in both IN H,SO, ;iid IN HCl acid 
solutions [()] In the present paper, the mtluencc of sonic 
.i/.iihiones on corrosion ol mild steel in IN HjSC^ and IN. 
IICI by weight loss and poleiilio.static po'.arizndon ir.elhods, 
is reported. 
KXI'KKlMKNTAl. 
Cold rolled mild sliol strips ol si/e 5 t 2 x 0 OlS nn (C = 
1) 14^;, ,\ln = 35<~c, Si - O.ITCL. S =OCls"r. P = 0 ()37o. rest 
iroul svcrc Used for weight loss lucasurcniciiLs and 
polcntiostatic polarization studies. For potciiliostalic 
polarization studies, mild slccl strips of same composition 
coated with lacquer with an exposed area of 1 cm was used 
The electrodes were polished with emery papers of 1/0, 2,'0, 
3/0 and 4A) grade and degrcased with trichlorocthylcnc. AR 
grade HG and HjSO^ (MERCK) were used for preparing 
solutions. Double distilled water was used to prepare 
solutions of IN HCl and IN H^SO^ for all cxperimenL-; Ttc 
inhibitors a/athione^ were synthesized in the laboralor\ 
following the procedure reported eKcwhcrc \1] and tbc 
structures of the inhibitors are as follows. 
SI. 
No. 
Name 
1. Cycio peiityl-tetra 
liydro-.i7a-tluQnc 
Diniclhyl-lelra 
bydro-a/a-thione 
3. F.thyl-mclliyl-li.lra 
hvdro-d'/a-lliioiic 
Molecular Structure 
Formula g 
1 fri NI I 
s 
1()C ( 1 1 , 
I I N X M I 
UN M l 
" \ / 
M 
s 
l l j C j ( l - i ) 
I INXTMI 
UN Ni l 
C,H„N,S 
C.H,„N,S 
CjlI|,N,S 
Abbr. 
Used 
CPTAT 
DMTAl 
hMTAT 
: 7 i 
3 1 2 
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TABLE 1(a): Cornision purnmtters for mild steel In 
IN ll^SO^ and In presence of Aialhlones fVom weight 
loss mcasuretncnt5. Immenlon period: IS hrs 
Concentration 
of Inhibitors 
(ppm) 
Blank 
(INHjSO^ 
CPTAT 
500 
400 
300 
200 
EMTAT 
500 
400 
300 
200 
DMTAT 
500 
400 
300 
200 
Weight 
loss(mg) P(%) 
Corrosion 
rate 
(m.m.p.y) 
7? 20 
15.16 
20.06 
29.29 
41.00 
27.10 
30.73 
37.65 
42.28 
3032 
34.72 
38.69 
43.85 
70 99 
7121 
59.43 
43.20 
6134 
57.43 
47.85 
41.44 
58.00 
51.90 
46.41 
39.26 
26.82 
5.63 
7.45 
10.88 
15.23 
10.10 
11.41 
13.98 
15.70 
11.26 
12.89 
14.37 
16.29 
All ibc iahibilors give llicir maximum cirnicncy il 500 ppm 
concentrations, further inacasc in concentration of ii\luhitof 
docs not ciusc any change in performance. It ix found from 
the Table I that inhibilor efficiency increases with inacasc of 
concentration of azathiones. 
It is seen from the Table I that all the azathiones inhibit 
corrosion in both the acid solutions. The IE values of 
azathiones follow the order. 
CPTAT > EMTAT > DMTAT 
The difference in order of their inhibitive action can be 
explained on the basis of their molecular area. Trabanelli [9] 
has reported that ?% can be increased by inaeising the 
molecular area of the compound. Since CPTAT h.is larger 
molecular area than other azitliiones it gives highest P9c 
among the studied azathiones. Increased area causes larger 
coverage of metal surface, this leads to higher ?%. 
Azathiones contain both nitrogen and sulphur atoms. They 
exhibited satisfactory performance as inhibitors on the 
corrosion of mild steel in IN HCl and IN H^SO^. 
Weight los< measurements were carried out as dcsaibed 
, earlier [8]. Potcntlostatic polarization studies were carried out 
using EG. & G. PARC, model 173, potentiostat/galvanosUt 
universal programmer, model !75 and with X-Y recorder, 
model RE0039. All experiments were carried out at room 
temperature (308 ± 2K). A platinum foil ol 3 x 3 cm was 
used as the auxiliary electrode and a saturated calomel 
electrode was used as reference electrode for potcntlostatic 
polarization studies. 
RESULTS AND DISCUSSION 
Table I shows the values of inhibition efficiency obtained 
from weight loss measurements for different concentrations 
of azathiones in IN H O and IN HjSO,. From the calculated 
weight loss values the inhibitive efficiency P(%) and surface 
coverage (0) of each concentration were caiculated using the 
following equations. 
P% 
Uninhibilcd cocrmoo nlc-tnh.ibiU'1 cofrot'Oft rale 
Uoinhjbilcd corTO$K30 nH I too 
Table II gives values of ?%, l^ for different 
concentrations of inhibitors in both the acids obtained from 
potcntlostatic polarization studies at room temperature. It is 
TABLE 1(b): Corrosion parameters for mild steel in 
IN IIC! and in presence of Azathiones from weight 
loss measurements. Immersion period: 3 hrs 
Concentration 
of Inhibitors 
(ppm) 
Weight 
loss (mg) p ( % : 
Corrosion 
rate 
(m.m.p.y) 
l]rviT%hibitcd CorroMon -atf-lfx^^^^>^^ t^j conrxtton rale 
VIrurvhibiinJ cormMon n^ 
(0 
r~) 
Blank 
(IN HCl) 
CPTAT 
500 
400 
300 
200 
EMTAT 
500 
400 
300 
200 
DMTAT 
500 
400 
300 
200 
74.00 
13.17 
15i4 
15.96 
18.24 
17.67 
19.06 
21.97 
26.64 
19.22 
2174 
27.73 
36 08 
8120 
79.00 
78.43 
75.35 
> 76.12 
74 24 
70.31 
64 00 
74 02 
69.26 
62 45 
51 2-1 
13.74 
2.44 
2^8 
2.96 
3.38 
3.28 
3.54 
4.0S 
4.94 
3 57 
4.22 
5 16 
6 70 
31 
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TABLE II: PotcntiosLatIc polarisation parameters for the corrosion of tnlld steel In IN HjSO^ and IN HCI with 
and without inhibitors 
Concn. of inhi-
bitors (ppni) 
Blank 
^ N HjSO^ 
CPTAT 
500 
'vw 
300 
EMTAT 
500 -
400 
300 
DNfTAT 
500 
400 
300 
E ^ 
(mV) 
-581 
-573 
-575 
-575 
-583 
-577 
-581 
-590 
-581 
• -585 
CWT 
(mA.cn' ) 
0.320 
0.047 
0.100 
0.115 
C.055 
0.099 
0.114 
0.117 
0.130 
0.170 
P 
(%) 
8531 
68.75 
64.06 
82.81 
69.06 
64.37 
63.43 
59J7 
46.87 
Concnofinhl-
bitors(ppm) 
BianV 
(IN HCI) 
CPTAT 
500 
400 
300 
EMTAT 
500 
400 
300 
DMTAT 
500 
400 
300 
E«„ 
(mV) 
-576 
-588 
-582 
-582 
-583 
-582 
-576 
-578 
-580 
-570 
Ic»r 
(tnA.cm" ) 
0.350 
0.150 
0.185 
0.250 
0.170 
0.220 
OJIO 
0.170 
0.224 
0JI3 
P 
% 
. 
57.14 
47.14 
28.57 
51.42 
37.14 
11.42 
51.42 
36.00 
10-57 
evident from Tabic II that azathioncs dcaease I , ^ values in 
both the acids. This behaviour indicates that azathioncs act as 
inhibitors for corrosion of mild stccI in both the acids. The 
E , „ values are slightly shiflcd in the preseiice of azathioncs 
suggesting that Utese inhibitors inhibit the corrosion of mild 
• steel In IN HO and IN HjSO< controlling both the anodic 
and calhodic mctions. The Figs. I and 2 show the 
polarization b^aviour of mild sled in IN HQ and IN 
HjSO^ in absence and presence of azathioncs at optimum 
concentTdtion. 
The plausible mechanism of corrosion inhibition of mild steel 
in IN HCI and IN HjSO^ can be explained on the basis of 
adsoiption. In acidic solutions azathioncs can exist as 
cationic species like other amino compounds (10). The^e 
cationic species may adsorb on the cathodic sites of the mild 
steel and decrease the evolution of hydrogen. The adsorption 
of azalhione molecules on the anodic sites through lone pain 
of electrons of nitrogen and sulphur atoms may decrease 
anodic dissolution of mild steel. 
A noteworthy feature of the investigation is that azalhionts 
give better performance in IN HQ than that in IN HjSO .^ 
This can be explained on the basis of synergistic mechanism 
[11], according to which Cl~ ions and azathioncs molecules 
can jointly adsorb on the steel surface giving higher 
efficiency. The synergistic model can be shown in Fig. 4. 
Fig. I: PoterUiastatic po'jirizaUon curves of fniU steel in IN 
IICI containing Azclhiones 
t. IN net 2. IN HCI + 500 ppm DSfTAT 
3. IN net + 500 ppm EMTAT 4. IN HCI t 500 ppm CPTAT 
Fig. 2: Poteniloslatic polarization curves of mi'W steel in IN 
HSO^ containing Azalhionej 
1. IN H^O^ 2. IN H^O, • 500 ppm DMTAT 
3. IN HjSO^ + 500 ppm EMI A T 
4. IN H^O, + 500 ppm CPTAT 
216 
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h'll. 3 (a^dc b): Temkin isotherm ploU for ihe adsorption of inhibitors on mild steel in IN HCl (3a) and 1 N HjSO^ (3b) 
1. CFTAT 2. EMTAT 3. DMTAT 
Graiicsc a cl. [12) propcvscd t :.ir.iiUf synergistic model to 
explain the higher efficiencies cf some nifrogcn containing 
heterocyclics in hydrochloric acid solutions. 
Surface coverage (0) values have been obtained from weight 
loss measurements for various concentrations of azatbiones. 
It was found from Fig. 3a & b tbxt a plot of (6) vs log C gave 
a straight line in both the acids s^iggesting that adsorption of 
azatbioncs on mild stcd/acidic sclulion interface obeys 
Tcmkins adsorption isotherm. 
2. The presence of lone pair electrons on the nitrogen & sul-
phur atoms of the inhibitor molecule and the formation of 
cations of azathiones in acid solutions favour more adsorp-
tion on the mild steel surface which leads to more inhibi-
tion cCTicicncy. 
3. The adsorption of azatbioines on the mild steel surface 
obeys Tcmkin adsorption isotherm. -
AckttowUdgantnt: One of u* (MAWK) would like to expret* 
gratitude to the Council of Sdentiflc &. Industrial Research, New 
Delhi for providing Senior Resea.-ch Fellowship. 
CONCLUSION 
1. Azathiones act as mixed type of inhibitors for the cor-
rosion of mild steel in IN HO and IN H S^O .^ 
1 0 a ^ ^INiSHijCs) H 
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SUMMARY 
A new corrosion inhibitor namely 2-3alicylideneanino-
6-mathyl-benzothiaRole (SAMEBT) has been aynthesiaed and its 
Inhibiting action on the corrosion of • mild steel in 1 M HCl 
and 0.5 M H2SO4 has been investigated by weight loss 
measurements and potentlostatic polarisation studies. It 
behaves as a mixed type inhibitor in the above acidic 
solutions. It has been found to inhibit the dissolution of 
steel in both acid solutions by blocking the active sites of 
the mild steel surface. Hydrogen permeation studies aud 
A.C. impedemce measurements indicate the improved 
performance of the compound in HCl. The adsorption of 
SAHEBT on the steel surface from both acids is found to obey 
Temkin's adsorption Isotherm. 
PonugaUeo Elec-.rochimica Acta, 13 119951 63-78 
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1. INTKOUUCTIUH 
A study of organic corrosion inhibitors is an 
attractive field of research, due to its usefulness in 
various industries. Most of the commercial inhibitor 
formulations are found to include aldehydes and aalnes aj 
essential ingredients [1,2]. Turblna et al. [3] have 
observed that condensation products of carbonyls and anlnea 
which are known as anils or schiff's bases give higher 
inhibition efficiency than that for constitutent carbonyls 
and amines. Desai and co-workers [4] have studied a few 
schiff's bases (derived from aromatic aldehydes and amines) 
as corrosion inhibitors for mild steel in hydrochloric acid. 
They found that the inhibition efficiency for the 
investigated schiff's bases is much greater than that for 
corresponding ajnlnes and aldehj'des. These observations have 
actually led to the aynthosls of a few anils by condensing a 
few substituted ajolnotrlazoles and sallcylaldehyde, with a 
view to evaluate their inhibiting properties on the 
corrosion of mild steel in acidic solutions. All the anils 
were found to be effective as inhibitors for acid corrosion 
of mild steel. The inhibition efficiency for all the 
inhibitors was found to be greater than that for the 
corresponding amines and salicylaldehyde [5]. In the 
present investigation the influence of an anil (SAMKbT) 
synthesized In the laboratory by condensing an 
amlnobenzothiazole and salicylaldehyde on the corrosion of 
mild steel in 1 M HCl and 0.5 M H2SO4 has been studied. 
3] 7 
The choice of this compound aa an tnh}.bttor la baaed on 
two considerations. Firstly, in addition to the presence of 
a boncothlazolo ring, the presence of "IT-bond of an 
acomethtne group and TT-electrona of phenyl groups can induce 
greater adsorption of the inhibitor Bwlecules on the metal 
surface. Secondly, the presence of an -OH group can 
increase the solubility of the inhibitor in the test 
solutions, leading to a higher inhibition efficiency. 
2. KXPKHIHKNTAL 
2.1. Materials smd Test Solutions 
Mild steel (AISI 1078) strips of sise 40 torn X 20 m X 
0.25 nan havitig composl-tion C = 0.14X , Mn = 0.35X , Si = 
0.17X . S = 0.025X , P = 0.03X and remainder Fe , were used 
for weight loss Beasuromonts and liydrogen permeation 
studies. 
Kor potenticatatic polarisation studies mild steel 
2 
strips of the same composition with an exposed area of 1 cm 
were used. The electrodes were polished successively with 
emery papers of 1/0, 2/0, 3/0 and 4/0 grade and degreased 
with trichloroethylene. A.E. grade HCl and H2SO4 (MERCK) 
were used for preparing solutions. Double distilled water 
was used to prepare solutions of 1 M HCl and 
0.5 M H2SO4 for all the experiments. The inhibitor namely 
2-3allcylideneamlno-6-methyi-benzothia2ole, (a&fli!,t5T) waa 
synthesized in the laboratory following the general 
3]^ 
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procedure reported elsewhere [6] and the atructure ot the 
inhibitor 13 given below: 
HO 
H3C 
- . = C H - . ^ / / 
Struclur* o( 2-Sallcyllden»on>lno-6-mi\hy 1-
btnio<hloiol« 
Hftlfiht, loss oeasuriBBenta were carried out as described 
earlier [7]. The inhibition efficiency was calculated from 
weight loss values obtained in the presence and absence of 
the Inhibitor at the end of definite and known intervals of 
tioe. Potontiostatic x>olarisation 3tudJ.es were carried out 
usinfi EG A G PARC potentlostat/galvanostat {»odel-173). 
universal programmer (Bodel-175) and with X-Y recorder 
(Dodel KK (cX»B9). Hydrogen perBeatloo studies were carried 
out using an adaptation of the Bodified Devanathan and 
Stachurskl's two compartment cell as described elsewhere 
[8,9], Charge transfer resistance (Rt) ^^^ double layer 
capacitance (l^ dl) values were obtained fro* impedance 
joeasurejoents as described elsewhere [10]. All the 
experiments were carried out at constemt temperature of 
35 + 2 °C. A platinum foil of 3 cm x 3 cm &nQ. a 
saturated calomel electrode (SCK) were used as auxiliary 
and reference electrodes, respectively. 
2 1 9 
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3 RKSULTS AND DISCUSSION 
3.1. Height Loss Measurements 
Table 1 shows the values of Inhibition etticiency 
obtained from weight loss measurements for different 
concentrations of SAMEBT In 1 M HCl and 0.5 M U-^SO^. From 
the calculated weight loss values the inhibition 
efficiency, P (X) , and surface coverage, (G) of each 
concentration Rere calculated using the following equations: 
f (X) = 
(Wo - H) 
X 100 
Ho 
(Ho - H) 
G =-. 
H. 
(1) 
(2) 
where HQ and H are the weight losses in the absence and 
presence of an inhibitor respectively. 
TABLK 1 
Inhibition efficiency for different fconcentrations of SAMEBT 
for the corrosion of mild steel in 1 B HCl and 0.5 M H2SO4 
from weight loss data 
Cone, of SAMKBT/ppm Inhibition efficiency/X 
1 H UCl 0.5 M U2SO4 
97.7 83.4 
95.6 80.0 
94.0 77.2 
91.0 74.0 
89.1 60.1 
500 
400 
300 
200 
lfc50 
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It iu found from Tablo 1 that Inhibition efficiency 
increases with increase in the concentration of SAMKBT in 
test solutions. In general, for the pickling of steel, as 
pointed by Machu [11 J, sulphur containing compounds are 
preferred for H2SO4 solution and nitrogen containing 
compounds for HCl solution. Every and Riggs [12] reported 
that often a mixture of nitrogen and sulphur compounds Is 
better than either type alone. SAMEBT contains both 
nitrogen and sulphur atoms. It has exhibited an excellent 
performance as an inhibitor on the corrosion of mild steel 
in 1 M HCl and 0.5 M H2SO4. It is also found from the 
table that SAMEBT behaves better In 1 M HCl than 0,5 M H2SO4. 
The inhibition of corrosion of mild steel in acidic 
solutions can be attributed to the adsorption of Inhibitor 
molecules on the met&l surface. The inhibitor (SAMKBT) can 
be adsorbed on the metal surface due to foiloHing 
interfacial interactions. (1) Lone pair of electrons of 
nitrogen and sulphur atoms can interact with the positively 
chtirticd metal surface. In aqueous acid solution 
benzothiazole can exist as 'protonated species [13J. These 
protonated species can adsorb over negatively charged 
metal surface through electrostatic force. (ii) TT-electrons 
of benzothiazole and benzene ring can also interact with 
the positively charged metal surface. 
A noteworthy feature of the investigation is that, 
inhibitor (SAMEBT) gives better performance in 1 M HCl than 
0.5 M H-^ S04. This can be explained by the fact that 
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chloride ions being leas hydrated than sulphate ions, are 
more atrontily adsorbed on the metal surface, by creating, en 
excess negative charge towards the solution phase which 
favours synergistic adsorption of inhibitor on the motal 
surface [14,15]. Similar synergistic mechanism has been 
proposed by Granese et al. LltJJ to explain the higher 
efficiency of some nitrogen containing heterocyclics in 
acidic solutions. 
3.2 Potentlostatic Polarisation Studies 
PoLciitioatatic anodic and cathodlc polarisation scans 
were recorded in 1 M HCl and 0.5 M H2SO4 alone and in the 
presence of different concentrations of ,SAMKin'. ' Various 
electrochemical parameters derived from Tafel plots are 
given in Tables 2 & 3, 
TABLE 2 
Electrochemical polarisation parameters for the corrosion of 
mild steel in 1 B HCl containing different concentrations 
of SAHEBT 
Inhibitor Icorr/ ^corr/ ^c/ ^a/ Inhibition 
cone./ _„ , ., efficiency/ 
ppm (mA cm ) (mV (SCE)) (mV dec ) (mV doc ) X 
BLANK 
(HCl ) 
bHi} 
400 
3 0 0 
0 .350 
0 .012 
0.016 
0 .020 
-576 
-5(58 
-574 
-570 
110 
98 
98 
100 
55 
45 
48 
50 
96.57 
95.71 
94.28 
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TABLK 3 
Klectrochemlcal polarisation parameters for the corrosion 
of mild steel in 0.5 M H2SO4 containing different 
concentrations of SAMKBT 
I n h i b i t o r 
c o n e . / 
ppm 
BLANK 
(H2SO4) 
500 
400 
300 
I c o n 
(mA CD) 
0 . 3 2 0 
0 . 0 2 0 
0 . 0 2 0 
0 . 0 7 0 
• / ^corr' 
(nV (5CE)) 
- 5 8 1 
- 5 9 1 
- 5 8 1 
- 6 8 1 
(fflV 
b e / 
d e c ) 
100 
98 
95 
95 
b a / 
(mV dec~-^) 
50 
46 
44 
45 
I n h i b i t i o n 
e f f i c i e n c y / 
X 
9 3 . 7 5 
8 9 . 0 S 
7 8 . 1 2 
It I3 seen froa Tables 2 & 3, that Icorr values 
decrease significantly in the presence of SAMSBT. This 
observation indicates that SAUKBT acts as an effective 
inhibitor for the corrosion of niid steel in both acids. 
Both cathodic (.h^) and anodic (bg) Tafel slopes are changed 
considerably in the presence of 300 ppm SAHKBT, but they 
remain a constant with increase in the concentration of 
SAMKBT in both acidic solutions. These observations suggest 
that the inhibition of corrosion of mild steel in the 
presence of SAMKBT in 1 M HCl and 0.5 M H2SO4 la under mixed 
control. An inhibitor of this type in both media acts as a 
mixed type inhibitor. This behaviour brings out the fact 
that the inhibitor adsorbs by simply blocking the active 
sites of the steel surface. The niQchanianiH of both the 
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anodic and cathodlc reactions ore not aCfecLcd. SUllir 
behaviour has been observed dur'ng acid corrosion o£ iron 
and Gt.eel in presence oL aliphatic sulphides {iT] and 
thioscmlcnrbozide 1.1BJ. 
3.3 Hydrogen Permeation Measurements 
The Importance of the measurements of the hydrofif-n 
penneatlon current for the evaluation of Inhibitors with 
respect to their ability to prevent hydrogen entry into the 
metal has already been reported [19]- Hydrogen permeation 
current vs. ti»e curves for olid ateel in 1 M HCl and 
ia.S n H2SO4 alone and in the presence of SAMKBT are shown 
in irig.l. 
< 
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0 . 5 H H SO 
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The permeation current for HCl is almost twice than 
that tor H2SU4 solutions due to the stronger adsorption of 
chloride ions on the metal surface. In the presence of 
SAMKBT (304) ppn), the penneatlon current is reduced 
considerably in both acids. But the extent of reduction in 
considerably higher la HCl than In H2SO4. Theao 
observations are in keeping with the facts observed for 
weight loss experiments. So, in this case a definite 
correlation is observed between the inhibition efficiency 
and the amount of hydrogen permeated through steel. 
3.4 Electrochemical Impedance Spectroscopy (KIS) 
Impedance diagrams obtained for the frequency range 
bk) kHz to 1 mUz range at the open circuit potential for miJd 
steel in both acids are" shown in Figs. 2 and 3. 
It is seen from these figures that imi>edance diagrams 
are not a perfect semicircle, and this difference has been 
attributed to frequency dispersion [20,21]. The charge 
transfer resistance (R^ ,) values are calculated from the 
difference in impedance at lower and higher frequencies as 
suggested by Tsuiru & Haruyama [22], These values of H^ ^ have 
been substituted in Stern-Geary equation to obtain the 
corrosion current. To obtain the double layer capacitance 
(C(jj[), the frequency at which the imaginary component of 
impedance is maxlmom (-Z" nax^ ^^ found. Values of C(ji arc 
found using the relation 
1 1 
^dl = X • (3) 
Z TT tasoc Rt 
3 2 5 
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0 20 W 60 80 100 120 KO 160 180 
Z /ohm cm^ 
FIG. 2 . I m p e d a n c e s p e c t r a f o r m i l d s t e e l i n 1 M HCl 
c o n t a i n i n g SAMEBT 
a . 1 M HCl b . 1 K HCl + 300 ppm SAMEBT 
c . 1 M HCl + ^00 ppm 5AMEBT 
d . 1 M HCl + 500 Dpra SAMEBT 
0 20 iO 60 80 100 120 \W 
Z /ohm cm^ 
FIG. 3 . I m p e d a n c e s p e c t r a f o r m i l d s t e e l i n 
0 . 5 M H2S0^ c o n t a i n i n g SAMEBT 
c . 0 . 5 M H2S0^ + i'OO ppm SAMEBT 
d . 0 . 5 M H2S0^ + 500 ppm SAMEBT 
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TADLg 4 
Inipedance parameters for mild steel in 1 M HCl and 
0.5 M H2SO4 containing different concentrations of SAMBBT 
Cone. 1 M HCl 0,5 M H2SO4 
of 
SAMKBT/ Rt/ Icorr/ Cdi/ Rt/ Icorr/ L'ai/ 
2 - 2 - 2 2 -2 -2 ppm (ohjB cm ) (mA cm ) (pF cm ) (ohm en ) (mA cm ) (uf cm ) 
BLANK 17.0 0.94 765 13.0 1.11 366 
500 143.0 0.09 222 137.0 0.11 IBS 
400 133.0 0.10 2B0 105.0 0.13 200 
300 121.0 0.11 343 84.0 0.16 255 
Table 4 gives values of R-^ , Icorx- **''*^  ^dl ^°^ mild 
steel in 1 U HCl and 0.5 M H2SO4, alone and in the presence 
of different concentrations of SAMKBT. It is seen from thi.s 
Table that Icorr ^^^ ^dl values are more for HCl than H2SO4. 
The presence of SAHKBT is found to enhance the K^ values 
from both acids. But Cji values are brought down 
considerably in both acids, because of Its stronger 
adsorption on the metal surface, which in turn leads to a 
decrease in the values of Icorr-
3.5 Adsorption Isotherm 
T)ie surface coverage (0) values have been obtained 
from weight loss measurements for various concentrations of 
SAMKBT. it was observed from Fig.4 that a plot of 0 vs. 
log c gives a straight lino in both acid aolution.s 
327 
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s u g g e s t i n g t h a t the adso rp t ion of BAMEDT on o l i d 
a t e o l / a c i d i c s o l u t i o n i n t e r f a c e obeys Temkln's a d s o r p t i o n 
i so the rm. 
F I C . 4 . T e n k i n ' j a d s o r p t i o n isochern p lot f o r n i l d s t e e l 
in 1 M HCl and 0 .5 M H.SO^ contmining SAMEBT 
a . 1 M HCl b. 0 . 5 M HjSO^ 
4. CUWCLUiilUNb 
1. IJAflKbT has been found to perfora sell as a corrosion 
Inhibitor in sulphuric and hrdrochloric acids, but a better 
performance is noticed in the case of hydrochloric acid. 
2. The aechanisB for the Inhibition of corrosion of mild 
steel in the presence of SAMEBT in both 1 B HCl and 
0.B M H2SO4 is under mixed control. 
3. The compound SAMEBT inhibits the corrosion of mild 
steel in acidic solutions by a stronger adsorption of 
inhibitor molecule on the active sites of the steel surface 
through nitrogen bonding electrons and electrons of the 
I 
benzothiazole ring and -C = N- group. 
4. The compound SAMRBT brings down the permeation 
current considerably in both acids. 
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5. The adsorption of SAMEBT on the mild steel surface from 
both acids obeys Temkin's adsorption Isotherm, 
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2-HYDRAZINO-6-METHYL-BENZOTHIAZOLE AS AN 
EFFECTIVE INHIBITOR FOR THE CORROSION OF MILD 
STEEL IN ACIDIC SOLUTIONS 
M . A J M A L . A . S . MiDEF.N and M . A . Q U R M S H I * 
Department of Applied Chemistry. Z.H College o( Engineering and Tcchnolocv . Alig.irh Mu-^ hm 
UnivcrsilN. Aligarh 2<12(KI2. India 
Abstract—Weight loss measurement', and potentlostatic polarization studies show that 2-h\drazino-6-
methyl-benzothiazolc (HMBT) acts as an effeetive inhibitor for the corrosion of mild >(eel in I N HCl and 
I N H2SO4. It behaved predominanlK as cathodic inhibilor in HCl and mixed inhibitor in H.SOj 
Hydrogen permeation studies also sho« that HMBT acts as an effective cathodic inhibitor b\ decreasing 
hydrogen permeation current through mild steel surface. The adsorption of HMBT on mild steel from 1 N 
HCl and I N Hj^Oj is found to obey Langmuir's adsorption isotherm. 
I N T R O D U C T I O N 
ACID INHIBITORS find wide applications in the industrial field as a component in 
pretreatment composition, in cleaning solutions for industrial equipments and in 
acidization of oil wells. Most of the efficient inhibitors used in industry are organic 
compounds which mainly contain nitrogen, sulphur atoms and multiple bonds in the 
molecules through which they are adsorbed on the metal surface. Despite the large 
numbers of organic compounds, the choice for selecting an appropriate inhibitor for 
a particular system is very limited due to the specificity of the inhibitors and the great 
variety of corrosion systems.' There always exists a need for developing new organic 
corrosion inhibitors. 
Recenth some hydrazine and substituted hydrazines have been reported as 
effective coirosion inhibitors for copper,"'^ aluminium,"* lead" in acid media and for 
mild steel* in alkaline medium. There is no report in the literature on the use of 
2-hydrazino-6-methyl-benzothiazole as a corrosion inhibitor. 
The aim of the present investigation was to examine the inhibitive action of the 
above mentioned inhibitor towards the corrosion of mild steel in acidic solutions 
The choice of the inhibitor is based on two considerations. First it can be con-
veniently synthesized from relatively cheap raw materials. Secondly the presence of 
an electron cloud on the aromatic ring, the electronegative nitrogen, the easil\ 
polarizablc sulphur and the readily solubiiizing hydrazino group in aqueous acid 
medium is likely to induce greater adsorption of the compound on the surface of the 
mild steel which can lead for effective inhibition 
EXPERIMENTAL METHOD 
Materials and lest solutions 
Mild steel strips of size 5 x 2 x 0 02.') cm (Composition in Table I) ucre used for v.cicht loss 
measurements and hsdrogcn permeation studies For potcntioslaiic polanzauon studies, a c\lindrical 
• To whom correspondence should he addressed 
Manuscript rccci\cd 12 Novcmbci 19V2 in amended form A Mav, 1991^ 
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TABLF 1. MILD STEELiOMPosmoN (wt7o) 
c 
0.14 
Mn 
0 35 
SI 
0 17 
S 
0.025 
P 
0 03 
Fc 
rest 
mildslccl rodofthcsamccomposiuon as in Tabic 1. embedded in araldiic with an exposed area of 1 enr . 
was used. The electrodes were polished with cmer> papers; of 1 A). 2/0.3/0 and 4/0 grade and dcercased with 
trichloro-ethylcne. AR grade HO and H;SOj (MERCK) were used for preparing solutions. Double 
distilled water was used to prepare solutions of 1 N HCl and 1 N H^SO^ for all experiments. The inhibitor 
2-hydrazino-6-mcthyl-bcnzoihiazolc was synthesized in the laboratory following the procedure reported 
elsewhere.' and the structure of the compound is gi\en below: 
Melting Point = 21.''°C. MoIecuKir Weight = 179. 
Weight loss measurements were carried out as described in the literature." Potentioslatic polarization 
studies were carried out using EG & G-modcl 17.3 potentiosiat/Galvanoslat, model 175 uni\crsal 
programmer and with A'-Krecorder model RE 0()S9. H\drogen permeation studies were carried out using 
an adaptation of the Dcvanathan and Stachurski^ two<ompartmcnt cell as described elsewhere. All 
experiments were carried out at room temperature (.3.^  ± 2''C). A platinum foil 3 x 3cm was used as the 
auxiliary' electrode and a saturated calomel electrode (SCE) was used as reference electrode for 
poicnriostatic polarization studies. 
EXPERIMENTAL RESULTS AND DISCUSSION 
Weight loss measurements 
Table 2 shows the values of inhibition efficiency obtained from weight loss 
measurements for different concentrations of HMBT in 1 N HCl and 1 N H;S04. 
From the calculated weight loss values the inhibitive efficiency, /*(%), and surface 
coverage, 0, of each concentration were calculated using the following equations: 
where W^ and W are the weight losses in the absence and presence of inhibitor 
respectively. It is found from the Table 1 that inhibition efficiency increases with 
increase of concentration of HMBT. In general, for pickling of steel, as pointed by 
Machnu,'" sulphur-containing compounds are preferred for H2SO4 solution and 
nitrogen-containing compounds for HCl solution. Every and Riggs" reported that 
often a mixture of nitrogen and sulphur compounds are better than either type alone. 
HMBT contains both nitrogen and sulphur atoms. It has exhibited excellent 
performance (>90% inhibition efficiencies) on the corrosion of mild steel in 1 N HCl 
and 1 N H2SO4 even at a small concentration. 
3 '^ '> 
H M B T as an mhibitot (or steel 
TABLE 2 INHIBITION EFFICIENO FOR DIFFERENT CON-
CENTRATIONS OF H M B T FOR THE CORROSION Of MILD STEEL 
IN 1 N HCI AND 1 N H , S O j 
Concentration 
of H M B T (ppm) 
30(1 
4<Ki 
50(1 
Inhibition c 
I N HCI 
95.6 
%.6 
98.0 
ifficicncy (%) 
1 N H;S04 
92.6 
%.6 
96.6 
T A B L F 3. ELECTROOIEMICAL POLARIZ-AHON PARAMETERS FOR THE CORROSION OF MILD STEEL IN 1 N HCI AND 
I N HjSOj covrTAiNiNG DIFFERENT CONCENTRATIONS OF HMBT 
Concentration 
of HMBT 
(ppml 
1 N HCI 
1 N HO + 30(1 
I N H O + 400 
1 N HQ + 500 
1 N H^SOi 
1 N H:SOj + 300 
1 N H,SO4 + 4(l0 
1 N H:SOj + 5(X3 
'otfT 
(mAcm"") 
0.35 
0.18 
0.10 
0.07 
0.32 
0.07 
0.065 
0.04 
^ C \ > T t 
(mV (SCE)) 
-474 
-524 
-527 
-536 
-500 
-500 
-500 
-506 
be 
(mVdcc"') 
130 
180 
160 
160 
130 
150 
130 
130 
b. 
(mVdcc- ' l 
60 
75 
75 
85 
80 
70 
70 
70 
Inhibition 
cffiaencv 
(%) 
49 
71 
80 
78 
78 
87 
Poienliostatic polarization studies 
Potentiostatic anodic and cathodic polarization scans were carried out in stirred 
1 N HCI and 1 N HiSO^ and with different concentrations of HMBT. The various 
clectrcKhcniical parameters were calculated from Tafel plots and shown in Table 3. Il 
is found from the table that HMBT behaved predominantly as a cathodic inhibitor in 
1 N HCi. Increase of both anodic (b.^) and cathodic (b^) Tafel slopes indicate that 
HMBT acts by affecting the mechanism of the reaction. The anodic dissolution of 
mild steel in the presence of HMBT has indicated that the adsorbed inhibitor HMBT 
participates in the reaction, probably in the form of complex (mild steel-HMBT)adi 
or (mild steel-OH-HMBT)^^,. 
The dissolution reaction proceeds less readily via the adsorbed inhibitor com-
plexes than via (mild steel-OH)^ds and so anodic dissolution is inhibited and 
consequently an increase in Tafel slopes is observed for the reaction. Similar 
observations have been reported by Donahue and coworkers'"'-' that the anodic 
dissolution of iron is inhibited in the presence of aniline and its derivatives. HMBT 
also retards the rate of the hydrogen evolution reaction on mild steel surface by 
affecting the mechanism of the reaction. '•* Increases in the Tafel slopes of cathodic 
polarization curves have been obtained. It is also found from Table 3 that the 
cathodicTafel slope values are almost same with and without the presence of HMBT 
in 1 N HiSOj. It indicates that the HMBT adsorbs by simply blocking the active sites 
3 3 3 
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of the metal surface. The mechanisms of the anodic and cathodic reactions are not 
affected. Behaviourof this type has been observed for iron in sulphuric acid solutions 
containing aliphatic sulphides.''^ 
Hydrogen permeation studies 
Permeation studies have been carried out for the system mild steel in 1 N HCl and 
1 N H^SOj in the presence and absence of HMBT are shoNvn in Figs 1 and 2. HMBT 
is found to reduce the permeation current in both acids. The rapidity with which H^^, 
combines to form H^either by combination with itself or with H* is affected by the 
catalytic properties of the electrode surface. When a small concentration of HMBT is 
added to the acids, the rate of formation of molecular H; is increased, decreasing the 
accumulation of adsorbed hydrogen atoms on the mild steel surface which prevents 
the entrance of hydrogen atoms into the metal lattice and hence the permeation 
current is reduced as compared with plain acids. HMBT reduces the rates of 
hydrogen entry as well as the corrosion of mild steel in 1 N HCl and ] N H^SOa. 
Similar observations have been reported in the case of dibenzyl sulphoxide as the 
corrosion inhibitor for Armco iron and ASTM A 106 plain steel in various 
solutions."' 
Adsorption isotherm 
Surface coverage, 0, values have been obtained from weight loss measurements, 
for various concentrations of HMBT. It was found from Fig. 3 that a plot of c/6 vs c 
gave a straight line with Cinit slope in both the acids suggesting thai the adsorption 
of HMBT on mild steel/acidic solution interface obeys Langmuir's adsorption 
isotherm. 
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FIG. 1. Varialions of permeation current with time for the s> stem mild steel I N ; — • 
1 N HCh —X—1 N HCl + 300ppmHMBTand—O—1 N HCl + 500 ppm HMBT. 
33^ 
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6 IC 12 
Tim« tMinulcs ) 
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FIG. 2. Variation of permeation currcnl with, time for the sv-stcm mild steel I N;—#— 1 N 
HjSOj-,—X— 1 N H2SO4 + 3(K1 ppm HMBT and —O— IN H^SOj + 5()0 ppm HMBT 
> 7 3 
Conctntroiion^ c,mol«$. Ill iie* 
FIG. 3. Isoihcrm plot for the adborption of different concentrations of HMBT on mild 
steel in (1) 1 N H O .and (2) 1 N H_^Oj 
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C O N C L U S I O N S 
(1) HMBT acts predominantly as a cathodic inhibitor for the corrosion of mild 
steel in 1 N HCl and as a mixed inhibitor in 1 N H2SO4. 
(2) The presence of :T-bonding electrons in the benzothiazole ring and the 
formation of NH* ions of HMBT in acidic solutions fa\ our more adsorption on the 
miid steel surface which leads to more inhibition efficiencx. 
(3) The inhibitor HMBT brings down the hydrogen permeation current con-
siderably in both acids. 
(4) The adsorption of HMBT on the mild steel surface obeys Langmuir's 
adsorption isotherm. 
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,2,4,5-Tetrazospiro(5,5jundecane-3-thione — A novel acid corrosion 
inhibitor for mild steel 
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Weigh! loss measurements and poteniiostatic polarisation studies show that teirazcspiro (5,5) 
undecdne-3-thionc (TUT) acts as an effective inhibitor for the corrosio.n of mild steeliii 1 WhCland 1 A' 
H-SOj. This is also shown by hydrogen pe.Ttication studies by decreasing hydrogen permeatiop current 
through mild steel surface. Electrocapillary studies show that it is adsorbed on both the sides of the 
clcctrocapilljry curves. It's adsorption on mild steel from I A/KCland 1 A/H2S04isfoundioobcyTemkin's 
.idsorplum isotherm 
I n continualion of our work', on the development of 
iiiirogon and sulphur-containing inhibitors, we 
report here the inllucncc of 1,2,4,5-teirazospiro{5,5)-
undccanc-3-lhione (TUT) on corrosion of mild steel 
in 1 ,V HCl and 1 A' H.SOa. The choice of this inhibitor 
Is based on the fact ihal it can be synthesized 
conveniently from relatively cheap raw materials 
such as carbon disulphidc. hydrazinchydratc and 
cyclohexanonc and the presence of non-bonding 
electron pairs on nitrogen and readily polari/ablc 
sulphur atom ib likely to induce greater adsorption of 
the compound on the surface leading to higher 
elliciency. 
Experimental Procedure 
Cold rolled mild-sicc! strips ofsizc 5 x 2 J' 0.025 
cm (C = 0.14%, Mn = 35%. Si = 0.17%, S =• 
0 025%. P = 03 %, rest iron) were used for weight loss 
nK-asurcmcnls and hydrogen permeation studies, 
f-or poientioslatic polarisation studies, mild steel rod 
of same composition embedded in aralditc with an 
exposed area of / cm^ was used. The electrodes were 
polisiiod with cnicry p.ipcrs of 1/0, 2'0, 3/0 and 4/0 
grade and dcgrcascd wiih trichlofo-ethylcnc. For 
capillary electrometer studies, double distilled 
mercury w.is used for the working electrode. AR 
grade HCl and HiSOj were used for preparing 
solutions. Double distilled water was used to prepare 
soiuiions of 1 N HCl and. l N H:S04 for all 
cxptrimenls except electrocapillary studies, where 
triple distilled water was used. The inhibitor 
i ,2,4,5-lctrazospiro(5.5)undecane-3-thione (TUT) 
was synthesized according to the procedure reported 
elsewhere^ and the structure of the inhibitor is as 
follov. 
Melting point = 166°C, Molecular weight = 174 
Structure of l,2,4,5-tc(razospiro[5,5| 
undecanc-3-thionc (TUT) 
V/oighl loss measiiromcnts potcntiostatic polari-
zation and electrocapillary behaviour of TUT in 1 A' 
HCl and I N H2SOJ were studied lollowing the 
reported procedures-*"*. The hydrogen permeation 
studies were carried out by the method described 
elsewhere^. .All experiments were carried 011! at room 
temperature (35±2''C). 
Results and Discussion 
Table 1 shows the values of inhibition efliciency 
obtained from weight loss measurements fordifferent 
concentrations of TUT i.T 1 ,VHC!and J A'H2S04. 
From ihecalculated weight-loss values the inhibili vc 
clliciency / ' (%) and surface coverage (()) of cacii 
concentration were calculated using the following 
equations. 
P% 
Uiiinhihited corrosion rate -
inhibited coirosion rate 
uninhibited corrosion rate 
uninhibilcd corrosion rale -
inriibiied corrosiion rate 
uiimlubited corrosion rate 
KK) (I) 
(2) 
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r.ibic I — Inhibilion cfi'iciency for difTorciU concenlr.itions of 
I U I for corrosion of mild siccl iii I A' 1 ICl .ind 1 ,V 1 I^SOj 
Concenlralion 
of TUT, ppm 
300 
400 
500 
Inhibition efliciency, % 
1 A'HCI 
74.5 
«5 0 
90 0 
I N H:S04 
69.0 
78.8 
84.C 
Table 2—Electrochemical polarization parameters for the 
corrosion of mild steel in 1 N HCl and in 1 N H2SO4 containing 
different concentrations of TUT 
Concentration 
of TUT, ppm 
1 N HCl 
1 /V HCl + 300 
1 N l i n + JOO 
1 N 1 ICl + 500 
1 A' H,S04 
1 /V ll,.S04 + .300 
I .V 11,S04 -i AW 
1 A' H.SOj + 500 
OCP 
mV vs SCE 
- 4 7 0 
-536 
-52-t 
-526 
-489 
-541 
-537 
- 5 7 0 
*-corr 'tort 
mV vsSCE mA cm"' 
- 4 6 5 
- 4 3 2 
- 4 2 6 
- 4 2 6 
- 4 8 4 
-484 
-4X4 
- 4 8 4 
0.35 
0.11 
0.08 
0 05 
0.32 
0.17 
0.08 
0.06 
P 
% 
— 
68.5 
77.1 
85,7 
— 
46 8 
75 0 
81.25 
The inhibilorTUT gives its maximum efficiency at 
500 ppm concenlralion. Further increase in 
concentration ofinhibitor does not cause any change 
in performance. It is observed from Tabic 1 that 
inhibitor efiicicncy increases with increase of 
concentration of TUT, In general, for pickling of 
steel, sulphur<ontaining compounds are preferred 
for HiS04 and nitrogen-containing compounds for 
HCl*. However, a mixture of nitrogen and sulphur 
compounds yrc belter than cither type alone''. TUT 
contains both nitrogen and sulphur atoms and has 
exhibited excellent performance on the corrosion of 
mild steel in I A' HCl and I A' H2SO4 even at a small 
concenlralion. 
Table 2 gives values of /,,„,. OCP and E^orr f^ or 
diflerenl concentrations ofinhibitor in both the acids 
obtained from poientiostatic polarization studies. It 
is evident from the Table 2 that TUT decreases /corr 
values considerably in both the acids. This behaviour 
indicates that TUT acts as an efficient inhibitor for 
corrosion of mild sieel in both the acids. The Ecorr 
values are slightly shifted in the presence of TUT 
suggesting that TUT inhibits the corrosion of mild 
sieel in 1 N HCl and 1 N H2SO4 controlling both the 
anodic and calhodic reactions. The Figs 1 and 2 .show 
the polarization behaviour of mild steel in I A' HCl 
and 1 A' H2SO4 in absence and presence of various 
concentrations of the TUT. 
The plausible mechanism of corrosion inhibition 
^ - • • . 
' ^ ' ^ T ^ 
Cu*rr*M drrmlv.mA tm 
Fig. i—Potentiostatic polarization curves for mild steel in 1 N 
HCl conlaining different conccnlraiions of TUT [l. 1 /VHCl,2. \ N 
HCl + .300 ppm TUT. 3. I yV HCl + 400 ppm TUT. 4. I A' HCl + 
500 ppm TUT] 
Fig. 2—Polciilioslalic pohiriz;ilion curves for mild slccI in ' N 
IUS04 contuiiiini'diircrciil conccnlraiions I'f TUT 11 - I N 
HSO^.2— I /VII..SO4 + .«)ppmTtjr.3— t ^ H ^ 4 + -lOOppin 
TUT. 4 — l yV H,SO« + 500 ppm TUT) 
tto 
170 
o (00 
^ 360 
- 360 
JiO 
100 joo too soo 800 :ooo uoo 
PoUnliol . E. mV Vi Hj/Hg^ciyiN HCl 
Fig. 3—Electrocapillury cures for 1 A^  HCl in presence ofTUTfl 
— I A ' H a 2 — l . V H a + .300ppmTUT.3--l A'HG + 400 ppm 
TUT. 4 - I A' HCl + 500 ppm TUT] 
of mild steel in 1 A' HCl and ! N H.SOa can be 
explained on the ba*^  " adsorption. In acidic 
solutionsTUTcan exi- aonic species like other 
amino compounds^. 1 nese cationic species may 
adsorb on the cathodic sites of the niild-slcci and 
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decrease llie evolution of hydrogen The adsorption 
ofTUT molecules on anodic sites through lone pairs 
of electrons of nitrogen and sulphur atoms may 
decrease anodic dissolution of mild steel 
A nolcworihy feature of the invcstig.ition is that 
I LI I gi\cs lKllcr|ViioiMiancc in I A' IICI liiaii thai MI 
I A' H-,SOj This can be explained on the basis of 
synergistic mechanism'', i c , CI ' ions and TUT 
molecules are joinlly adsorbed on the steel surface 
giving higher ciricicncy The syncrgisUc model can be 
shown as follows • 
4D--
>3-
© 
© K 
,. 2 ) ^ ' [N.SHUCI] 
^3 
© e / 
a-
^3 
H 
© © 
+ j a — [NiSMuCi] 
Similar synergistic model has been proposed to 
explain the higher efi'iciencies of some nitrogen 
contain.ng heterocyclics in hydrochloric acid 
solutions'" 
100 tM TOO M O tlOO HOC I V M 1700 
Fig 4—Flectrocipillary curves for I N \^^SQt ir. presence of 
TUT[\ — \NHSOt.2 — I ,VH,SO< -! 300ppmTUT3 — I A' 
l l-SOj I 400 ppm TUT. 4 1 /V ll.SOj \ 50(1 ppni TUT) 
6 10 
T ime , m m 
Fig 5—H>drogcnpermeationcurrenivslinKft,rmiMsli.i.lii\(. 1 A'HO 2 — 1 NHO + SOOppniT^rj 
3 — I A H^SOi 4 — I A' H SOj + i H) ppm TU"^! 
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Figs 3 and 4 snow electrocapillary curves for TUT 
(500 ppm) in 1 A' HCI and 1 yV H2SO4. It .s evident thai 
TUT adsorbs on both sides of the electrocapillary 
curves. It's adsorption on the positive side of the 
capillary may be attributed to the presence of lone 
pairs of electrons'' on nitrogen and sulphur atoms. 
The adsorption of TUT on the negative side of the 
capillary may be due to the formation of its cations in 
acidic solutions. It is also observed in Figs 3 and 4 that 
TUT shows more adsorption from 1 A' HCI than that 
from I A' H2SO4. This may be due to the preferential 
and specific adsorption of CI ~ ions on metal surHicc 
followed by adsorption of cations of TUT from 
HCI. 
Permeation studies have been earned out for the 
system, mild steel, in 1 N HCI and 1 A' H2SO4 in 
prescntc and in absence of TUT and results are shown 
in i-"ig.5. TUT is found to reduce the permeation 
current in both the acids. The adsorption of the 
inhibitor molecules on the active sites stifles the 
cathodic reaction, which involves the discharge of 
hydrated protons on these sites, thereby, the 
permeation of hydrogen through mild btcci surface is 
reduced'-
250 260 
log C ( ppm ) 
I 11: f) Koihorm plot for the adsorption of diltcrcnl 
(.oiKiiilr.ilions (il I DTdii mild stocl in I N HCI .uul I A' II..S(L 
Surface roveiage (3) values have been oblaincd 
from weight loss measurements for various 
concentrations of TUT. It is observed from Fig.6 that 
a plot of (9) vs log C gives a straight line in both the 
acids suggesting that adsorption of TUT on mild 
steel/acidic solution interface obeys Temkin's 
adsorption isotherm. 
Conclusions 
On the basis of the present studies it can be 
concluded I hat TUT acts as a mixed type ol inhibitor 
for the corrosion of mild steel in 1 N HCI and I V 
I i2S04. The presence ol K electrons on the nitrogen 
and sulphur atoms of the inhibitor molecule and the 
formation ofcations ofTUT in acid solutions-favour 
more adsorption on the mild steel surface which leads 
to more inhibition efficiency. Moreover, it brings 
down llie permeation current considerably in both 
the acids and the adsorption of TUT on the mild steel 
surface obeys Temkin's adsorption isotherm. 
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SUMMARY 
The Influence of amino mercapto methyl trlazole (AMHT) on the corrosion 
and hydrogen permeation of mild steel in 0.5 H H,SO. and 1 M HCI has been 
studied using weight loss measurements and various electrochemical techniques. 
It is found to be more Inhlbitive in H,SO^. Potentlodynamic polarisation 
studies clearly prove that AhWT Is a alxed type Inhibitor, but predominantly 
a cathodic inhibitor. Hydrogen permeation studies and AC i-npedance measure-
ments Indicate an improved pecfonnance of the compound 'in HpSO^^. The 
Inhibitor of this type obeys Temkin adsorption Isotherm. 
1 INTRODUCTION 
The study of organic corrosion Inhibitors in acid medium Is an attra-
ctive field of research due to Its usefulness in several industries. 
In general, H-contalning heterocycIics[1-3], show good inhibiting properties 
against the corrosion of steel In various acid media. The use of trlazole, 
benzotriazole, naphthotrlazole['»-6] as corrosion Inhibitors has been mainly 
directed towards the protection of copper and Its alloys. Molecular structure 
of inhibitors has clearly been established as a major Influence on corrosion 
inhibition. Nitrogen and sulphur containing compounds particularly azoles, 
thlazoles, mercaptans have been shown to have a high degree of inhibition 
property. Oyer's et al [7] have reported that substances containing atoms 
of both nitrogen and sulphur in the molecule gave better inhibition effi-
ciency. The focus of this research Is to investigate the inhlbitive pro-
perties of a suitable trlazole derivative in acidic environments. In view 
of the diverse factors involved in the inhibition process, the present 
investigation was taken up to study the Influence of '•-amlno-5-mercapto-
3-methyl-1,2,'t trlazole (AMHT) on the corrosion of mild steel In acidic 
solutions by carrying out the estimation of Inhibition efficiency, A.C. 
Portugahai Electrochimica Ac:a. I I 11993) 255-264 
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ImpcdJnce spectroscopy and polarisation neasurements. A systematic and 
detailed study using this compound for the corrosion of mild steel In 
acidic solutions has not been carried out so far and also not reported 
In literature. The effect of addition of the above mentioned compound 
on hydrogen diffusion through steel has also been studied, and the results 
are reported. 
2 EXPERIMENTAL 
2.1 Corrosion tests: 
A.R.grade adds of appropriate concentrations were employed. Triplicate 
mild steel specimens (AISI 1079) of each size 50 mm x 20 mtn x 0.25 mm 
having composition C = COTS, P = 0.08^%, Hr\ = 0.3'tX, S = nil and remainder 
Fe were used for corrosion tests. Specimens were given fine mechanical 
polishing using pumice and then degreased with trichloroethylene before 
use. Potentlodynamlc polarisation and A.C Impedance measurements were 
carried out using a circular specimen of area 0.283 an , the other portions 
being covered by araldite. Specimens were mechanically polished successively 
using 0/0, 1/0, 2/0, 3/0 and 4/0 e-nery and finally degreased with trichloro-
ethylene. 
2.2 Materials: 
The inhibitor '»-amlno-5-mercapto-3-methyl-1,2,'» trlazole (AHHT) used 
was syntheslsed In the laboratory following the procedure reported In 
literature (8], All solutions were prepared from conductivity water of 
resistance 10 H ohm. 
2.3 Methods: 
Weight loss experiments were carried out as described in earlier 
publications [9]. The inhibition efficiency was calculated from weight 
loss values obtained in the presence and absence of the inhibitor at 30 
r 2'C at the end of definite and known Intervals of time. 
Potentlodynamlc polarisation studies were carried out using the corro-
sion measurement system BAS (Model 100 A ) . A platinum counter electrode 
and Hg/Ho CK/1H HCl, Hg/Hg SO^, 0.5 M H^SO^ reference electrodes were 
used throughout the study. 
Charge transfer reslstance(R ) and double layer capacltance(Cjj^) 
values were obtained from Impedance measurements as described elsewhere[10]. 
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Hydrogen permeation measurements nere carried out using an adaptation 
of Devanathan and Stachurskl's two compartment cell as described elsewhere 
[11]. Hydrogen permeation current was obtained In the presence and absence 
of the Inhibitor. 
3 RESULTS A.ND DISCUSSION 
Table 1 gives values of Inhibition efficiency in percentage of 
different concentrations of AMHT, for the corrosion of mild steel in 
both acids. 
T/VBLE 1 
Inhibition Efficiencies (I.E) for different concentrations of AJflIT for 
the corrosion of mild steel In 0.5H H^ SOj^  and 1H HCl 
Inhibitor Inhibition efficiency(«) 
mM 
2 
5 
10 
20 
30 
It was observed that the inhibitor AHHT inhibits the corrosion of 
mild steel In both acids. But It is found that, the Inhibitor performs 
better in H^SO than in HCl solutions. This observation was confirmed 
earlier by Hachu et al [12] and Schnitt [2] who pointed out that sulphur 
containing corapounds are preferred for H-SO, solutions. Hackeriian and 
Hakrides [13] explained that S-containing organic compounds have a special 
efficacy, as these chemisorbed campounds are better electron donors than 
compounds contal-'ing oxygen and nitrojen. Riggs [Tt] has suggested that 
the adsorption of the inhibitor molecule Involves mixed molecules, called 
ambiodic Inhibitors with more than one orienting group attached{- W1,,-SH) 
and gave better efficiency. 
The effecti\eness of a given compound as a corrosion inhibitor depends 
on three major factors [15]: 
0.5H H^SO^ 
75.20 
77.70 
85.90 
87.50 
91.19 
1H HCl 
60.00 
63.H 
76.3f 
62.00 
65.20 
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(a) Structure of the Inhibitor molecule 
(b) Sign of the electric charge on the metal surface 
(c) The anodic and cathodlc processes determining the dissolution 
rate of the metal In an open circuit condition. 
On the basis of the above factors, the structure of triazole ring 
has been modified by introducing a few substituents (-CH-, -NH , -SH). 
The variation of inhibition efficiency mainly depends on the type and number 
of substituents present in the niolecule[16]. In fact, however methyl group 
Is an electron releasing group (+1 effect) and It Increases the charge 
densities at the centre of absorptive power. Crlgorev and Ekllik [17] have 
reported that amino groups are adsorbed either in RNH, or by RNH, forms, 
depending on the Influence of the substltuent on the electron density 
of the nitrogen atom. On the other hand chemisorptlon of RNH, molecules 
and the strength of their bonds with surface metal atoms Increase with 
increasing electron donor properties. Hackerroann and Hurd [18] concluded 
that the greater the percentage of orbitals of the free electrons on the 
nitrogen atom the more effective Is the inhibiting action. 
On the basis of above hypothesis, assumed above, it caii be concluded 
that, the Inhibition afforded depends upon the structure of the Inhibitor 
and the reactivity of their functional groups such as -SH, -NH-, -CH- and 
nitrogen atoms in the triazole ring. In AHHT, sulphur atom of mercapto 
group and nitrogen atom in position <> are very active and involve in inter-
action with the metal surface M. The binding characteristics of the 
Inhibitor AHMT on the metal surface can be interpreted by means of bonds 
coordinated with the electron pairs of the sulphur or of the nitrogen atom. 
It indicates that, the effective corrosion Inhibition can be obtained through 
the formation of true chemical bonds between organic molecules and metal 
atoms. 
Table 2 gives the values of Tafel parameters (b 4 b ), I .. and 
presence of different concentrations of the inhibitor. 
E ' for the corrosion of mild steel in 0.5 H H,SO. and 1 M HCl In the 
corr 2 't 
3 4 4 
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T A B L E 2 
Electrochemical parameters for mild steel In 0.5 H H SO. and 1 M HCl 
containing different concentrations of AMMT 
Inhibitor 
(mH) 
Blank 
2 
5 
10 
0.5 H 
E , 
corr/ 
(mV) 
-910 
-932 
-917 
-909 
H^SO^ 
b 
c 
(<nV) 
130 
^'*Q 
U7 
152 
b 
a 
(mV) 
60 
62 
65 
68 
I , 
corr/ 
(mA cm ) 
1.68 
Cte 
0.35 
0.32 
E , 
corr/ 
(mV) 
-515 
-527 
-515 
-530 
b 
c 
(mV) 
120 
129 
131 
139 
1 H HCl 
b 
a 
(mV) 
60 
66 
68 
69 
corr/ 
(mA cm ) 
2.02 
0.86 
0.75 
0.50 
It is found froa the table that in both acids the values of cathodic 
Tafel slope ( b ) Increases with Increasing concentration of AHHT. But 
at the same time the values of anodic Tafel ^ slope ( b ) also increase 
but to a lesser extent. These observations clearly bring out the fact 
that the corrosion of mild steel In both acids in the presence of AhMT 
is under mixed control, but predominantly under cathodic control. 
Impedance diagranmes obtained for the frequency range of 6 Hz to 60 
kHz at the OCP for alld steel in 0.5 H H^SO^ and 1 H HCl in the presence 
and absence of different concentrations of AMHT are shown In Flg.1 ( a 
4 b) and 2 (a i b). It is seen from these figures that the impedance dla-
grammes obtained are not perfect semicircles, and this difference has 
been attributed to frequency dispersion [19]. The charge transfer resistance 
R has been calculated from the difference in the impedance at low acxl 
high frequencies as suggested by Haruyama and Tsuru [20]. The value of 
R . has been substituted in the Stern-Geary equation to get corrosion current. 
Double layer capacitance values are calculated from the frequency at whlcfi 
the i'naginary component of the impedance (-Z") Is maximum I.e. f(-Z" ) 
is found and the values of C,, are obtained from the relationship 
f(-Z" , ) = 1 
•^ •^  2TrC RT 
dl 
345 
260 -
6 
e 
1 
n 
^ " ~ ^ ^ 
y^ ^ \ 
/ \ 
/I 1 1 1 1 \ 
n IS 
Z / o h m 
20 24 
F i g . l a . Impedance diagramme of mild steel In 0.5H H,SO. 
20 CO SO 80 too 120 
Z/ohm 
Fig.lb. Impedance diagramtnes of mild steel in 0.5H Hj,SO. 
containing AHMT 
a. 2mH b. 5mH c. lOmH 
Fig.2a. Impedance diagramme of mild steel In 1H HCl 
3 4 6 
It Is seen from the Impedance dlagrar»Ties that an Increase In the con-
centration of the organic compound Increases the value of R and decreases 
the corrosion of steel. As the Impedance dlagrammes have a semicircle 
appearance, It Indicates that the corrosion of steel Is usually controlled 
by the charge transfer process and the presence of Inhibitor does not alter 
the raechanlsra of the dissolution of steel. This observation was confirmed 
by an earlier worker [21]. 
Table 3 gives the values of R , C ., and I for mild steel In both 
the acids In the presence of different concentrations of AHHT. 
TABLE 3 
Impedance parameters for mild steel In 0.5 H H.SO^ and 1 M HCl 
containing different concentrations of AHHT 
I n h i b i t o r 
(mH) 
Blank 
2 
5 
10 
0.5 M HjSO^ 
\ l 
(JVcffl^) 
5.5 
23.65 
27.^3 
29.41 
co r r / 
(mA cm ) 
3.39 
0.79 
0.65 
0.6't 
^ d l / 
{;^F cn '^ ) 
183.2 
107.0 
91.7 
65.6 
\ l 
(XLcm^) 
4.13 
23.60 
24.60 
29.00 
1 H HCl 
I , 
corr / 
(mA cm" ) 
4.21 
1.58 
0.98 
0.79 
^ d l / 
( ^ F cm'^l 
244.0 
169.5 
136.0 
101.7 
It Is found from the table that, the presence of organic compound 
In acidic solutions leads to enhancement of the R values and a decrease 
in the C., values. This Influence ma> be due to the adsorption of the 
complex or the compound as such on the metal surface [22]. 
Hydrogen permeation versus time for both acids in the presence anc 
absence of the inhibitor are shown in Flc.3. The hydrogen permeation current 
for plain acids are found to be more for HCl, because of the more corrosive 
nature of chloride ions. But the presence of AHHT in H^SO, reduces the 
permeation current to a greater extent than in HCl. These observaLtom 
are in keeping with the facts observed for weight loss experiments. 
Surface coverage ( 6 ) values have been obtained from values of inhi-
bition efficiency in the presence and absence of the Inhibitor. It is observed 
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that e plot of 0 vs. log c for the Inhibitor gives a straight line indicating 
that the adsorption of Inhibitor on the mild steel surface from both acids, 
obeys Temkln adsorption Isotfierm. 
4 CONCLUSION 
The main conclusions reported in this paper are the following: 
1 The inhibitor AHHT is a very promising inhibitor for bringing down 
the self corrosion of mild steel in both H SO and HCl. An inhibition 
efficiency of 90* has been obtained even with a small amount of AHHT. 
2 The Inhibition of corrosion Is due to the adsorption of metal-trlazole 
complex, coordinated with the electron pairs of the sulphur or of 
the nitrogen atom. 
3 The inhibitor AHHT was found to affect both the anodic and cathodic 
processes I.e. the inhibitor Is of the mixed type, although the in-
hibition of cathodic reaction is predominant. 
<* The Inhibitor AHHT brings down the hydrogen permeation current consider-
ably in both the acids, but more In H.SO.. 
5 The adsorption of AHHT on the mild steel surface obeys Temkln adsorption 
Isotherm. 
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CHAPTER-3 
Corrosion Inliibition Studies 
In Cooling Water Systems 
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CORROSlOr^ SC.iEMCE SEC' iO: 
Investigation of Some Green Compounds as 
Corrosion and Scale Inhibitors for Cooling Systems 
M.A. Quraishi,' I.H. Farooqi, and P.A. Saini" 
ABSTRACT 
Effects of the naluratly occurring compounds azadirachla 
indica (leaves), punica granatum (shell)- ond momordica 
charantia (fruitsj. on corrosion of mild steel in 3% sodium 
chloride (NaCl) were assessed using weight loss, elect''o-
chemical polarization, and impedance techniques. Extracts 
of the compounds e.xixibited excellent inhibition efficiencies 
comparable to thai of hydroxyethylidine diphosphonic acid 
(HEDP), the most preferred cooling water inhibitor. The com-
pounds were found effective under static and flowing 
conditions. Exxracis were quite effective in retarding forma-
tion of scales, and the maximum antiscaling efficiency was 
exhibited by the exiracl of azadirachta indica (98%). Tlie 
blowdown of the cooling system possessed color and 
chemical oxygen demand (COD). Concentrations of these 
parameters were reduced by an adsorption process using 
activaled carbon as an adsorbent. 
KEY WORDS: chemical oxygen demand, cooling systems, 
electrochemical polarizatiorL green compounds, impedance, 
scale inhibitors, sodium chloride, weight loss 
INTRODUCTION 
The performance of an open-recirculating cooling 
system, an imponan t component in most indusixies, 
is affecied by corrosion and scale formation. Numer-
ous additives have been used in the past for the 
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control of corrosion and scale formation. Of these, 
certain inorgaxiic/orgaxiic compounds such as 
chromates, zinc, phosphonates, polyphosphates, 
molybdates, etc.. have been used successfully as 
inhibitor formulations for cooling water systems. '^ 
However, their use has been limited because of 
increasing pollution hazards. 
Extracts of some plant materials have been 
found to inhibit corrosion of mild steel in 3% sodiiim 
chloride (NaCl) water.* Reuse of water in open-
recirculating cooling systems is limited because of 
scale deposits. In the past, scales have been con-
trolled either by addition of acids or polymers/ 
polj'phosphates.' However, because of workers' safety 
ajid environmental concerns, the use of acids has 
been eliminated. 
Hence, a need exists for environmentally friendi\ 
corrosion asid scale inhibitors. As a continuation of 
earlier studies on natural compounds,* the aqueous 
extracts of azadirachta indica (leaves), momordica 
charantia (fruits), and punica granatum (shell) were 
tested for use as corrosion and scale inhibitors, 
and their efficiencies were compared to that of 
hydroxyethylidine diphosphonic acid (HEDP), ttie 
most preferred cooling water inhibitor. 
EXPERIMENTAL 
Materials 
Stock solutions of the inhibitors were prepared 
by extracting 50 g of the dried and crushed matenpJ-
in - 500 mL of distilled water by boiling for 1 h. The 
extract was filtered and conccntrateri to 50 m!, i;.\ 
CORROSION-Vol. 55, No. 5 
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TABLE 1 
Organic Contents of the Inhibitors Used 
Inhibitor Constituent 
Azadirachta indica 
Punica granatum 
Momordica charantia 
Limonoids with intact four nngs 
and r Hydroxybutenolide side 
chain, nimocin, meldemndiol 
Tanins sugar, with traces of 
pectin gallic acid, calcium oxalate 
Proteins, carbohydrates, fiber with 
traces of calcium, phosphorus, 
carotene thiamine, ascorbic acid 
tracts were stored under refrigerated conditions The 
major consbtuents of the inhibitors are shown in 
Table 1 
Mild steel strips 11 97 in by 0 788 in by 
0.098 in ) were used for weight-loss studies For 
electrochemical polanzauon and impedance expen-
ments . mild steel s tnps with an exposed area of 
1 cm^ were used. Specimens were polished mechani-
cally with different grades of emery papers and then 
cleaned with tnchloroethane The final grade of 
emery paper used was 6 / 0 
Methods 
Corrosion Weight-Loss Test — Weight-loss expen-
ments were earned out as descnbed previously * Mild 
steel s tnps m tnpllcate \v ere immersed m 200 mL of 
inhibited and uninhibited solutions and allowed 
to stand for 5 days at 45= C to 50°C Inhibition 
efiiciencies were calculated from the difference in 
weight-loss values in the presence and absence of 
inhibitors 
Potentiodynamic Polanzanon and Impedance 
Studies — Cathodic and anodic polarization curves 
were recorded using an EG&G Pnnceton Applied 
Research Model 173' potentiostat/galvanostat, a 
Model 175' universal programmer, and a Model 
RE 0089' X-Y recorder The scan speed was 1 mV/s 
and the direction was from the cathodic to the anodic 
side Impedance studies were performed using a 
computer-controlled EG&.G Model M6310' system 
with M398' software Impedance plots were obtained 
over a wide range of frequencies (i e from 10 kHz to 
10 mHZ) The alternating current (AC) amplitude was 
10 mV root mean square (rms) 
The cell assembly for both tests consisted of 
a mild steel working electrode a platinum foil 
(counter electrode), and a saturated calomel electrode 
(SCE. reference electrode) Polanzation and imped 
ance tests were conducted on "specimens exposed 
for 5 days 
Tests Under Flow Conditions 
The efficacy of the inhibitors to cooling water 
systems was assessed by conducting flow studies 
An Open-recirculating cooling water system was used 
for flow s tudies , ' and the samples m triplicate were 
suspended into it. Tests were performed under con-
trolled temperature condibons (45°C ± 2°C) A flow 
velocity of 1.5 m / s was maintained throughout the 
flow tests 
Scaling Studies 
A rapid static screemng test was used to test the 
scale inhibiting capacity of the compounds at the 
Langlier saturat ion index (LSI) of +3.» Test protocol 
consisted of mixing equal volumes of a 500 mg/L 
calcium solution (as the ion) with 1,200 mg/L total 
alkalimty made from an 8 0 / 2 0 ratio of bicarbonate/ 
carbonate solution. The solutions were incubated in 
a constant temperature ba th maintained at 55°C for 
24 h. At the end of the test duration, the solution 
was filtered through a 0 22-pm filter, and the 
calcium concentration was analyzed by ethylenedl-
aminetetraacetic acid (RDTA) titration. The percent of 
inhibition (IE%) was given by: 
= (ca,-Ca^j-^(ca,-Caj,J X 100 (1) 
' Trade name 
IE% = 
where Ca, represents the calcium concentration with 
inhibitor, Ca^ represents calcium concentration in 
the blank, and Ca, represents the calcium concentra-
tion in the s tandard stock solution. 
RESULTS AND DISCUSSION 
Weight-Loss Measurements 
Results of the weight-loss studies are given in 
Table 2 IE% of the extracts examined increased with 
increases in inhibitor concentration. After attaining 
the maximum efficiency there was an insignificant 
effect on IE% with further increases in inhibitor con-
centration The order of the maximum 1E% of the 
extracts and HEDP was HEDP (93) > azadirachta 
(86) > momordica (82) > punica granatum (79) 
The inhibitors also were tested under flowing 
conditions at optimum concentration (evsiluated un-
der static conditions ) Table 2 gives results of the 
flow studies IE% of the extracts remained almost the 
same under flowing conditions (i e the mechanism 
of inhibition was not affected by the flow of water). 
With these resul ts it could be concluded that the 
plant extracts could be used effectively for corrosion 
prevention of indus lna i cooling water systems 
Efforts were made to increase IE% of the plant 
extracts by blending them with HEDP (at concentra-
tions one-third o[ the optimum) The blending of 
HEDP with plant extracts improved the maximum 
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TABLE 2 
Performance of Intiibitors Under Static and Flowing Conditions 
InhibUor Dose 
Blank 
Azadirachta indica 
3mL/L 
5mL/L 
e m U L 
7mL/L 
Momordica charantia 
1 mUl 
ZmUl 
SmlTL 
4 m i x 
Punica granalum 
0 4 m U L 
O e m L A 
1 2 m U . 
1 6 m U L 
HEDP 
100 ppm 
200 ppm 
300 ppm 
400 ppm 
Static Test 
Corrosion Rate 
(mpy) 
31 45 
14 90 
7 36 
4 37 
5 03 
21 20 
8 77 
5 53 
6 51 
185 
r 16 
6 54 
9 24 
26 73 
15 72 
219 
314 
lE7o 
— 
52 6 
76 6 
86 1 
84 0 
32 6 
72 1 
82 4 
79 3 
41 1 
64 5 
79 2 
70 6 
1 5 0 
50 0 
93 02 
90 0 
Flowing Test 
1E% (E% 
— — 
— — 
_ _ 
88 5 98 
— — 
__ — 
— — 
79 4 51 
— — 
— — 
— — 
76 4 73 
— — 
— — 
— — 
90 2 65 
— — 
Scale COD 
(mg/L) 
-
-
370 
-
-
-
340 
-
-
-
310 
-
-
-
320 
-
IE% of azadirachta from 84% to 92%, while the im-
provements in the maximum IE% of momordica and 
punjca granatum were marginal 
Potentiodynamic Studies 
Cathodvc and anodic polanzation curves for mild 
steel in the presence and absence of plant extracts 
are shown in Figure 1 Values of the various electro-
chemical parameters are given in Table 3 The 
presence of extracts resulted In lowering the corro 
sion current density sigmficantly, thereby confirming 
their Inhibitive nature These compounds caused 
slight changes in the corrosion potential (E„„) values 
Extracts of azadirachta and pumca granatum shifted 
E„„ values to the more negative side This clearly 
indicated that inhibition of corrosion by these ex-
tracts was predominantly under cathodic control 
E„n was shifted to the more positive side in the 
presence of momordica charantia. which meant 
momordica acted predominantl3' as an anodic 
inhibitor 
Impedance Studies 
The nature and mechanism of corrosion inhibi 
tion of mild steel in 3 % NaCI water by plant extracts 
was assessed broadly by conducting impedance stud-
ies Table 3 gives results of the impedance studies 
These results also are presented in the form of 
N>quisl plot.s Figure 2 shows the Nyquist plots m 
the absence and presence of aqueous extracts The 
R, values increased m the presence of extracts 
This further confirmed the inhibitive na ture of the 
extracts For momordica charant ia and puruca 
granatum, the Nyquist plots showed loops This ob 
servation showed a complex formatvon tendency of 
the inhibitor with the metal From Table 3 . the values 
of the double-layer capacitance (Cd,) decreased sig 
mficantly m the presence of the extracts The 
decrease In C,ji values might have been caused bv a 
complex formation at the metal surface, which 
reduced the thickness of the double laver charges 
around the metal surface 
Results of the impedance studies were m agree 
ment with those obtained using weight-loss and 
potentiodynamic studies 
Analysis of Blowdown 
The blowdown of tlie cooling water system was 
anaJyzed for two important parameters of environ 
mental concern chemical oxygen demand (COD) and 
color The analysis was earned out using standard 
methods ^ The blowdown of the extracts studied 
possessed color and COD values more than the 
permissible values set by various environmental pro 
tection agencies Table 2 also gives the COD values 
Adsorption studies on batch scale were earned out to 
reauce COD and color using ac tuated charcoal as a 
adsorbent The COD was reductd bv 80% and the 
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i'-650H 
1 -^^ 
a. -630 
1 Blank 
2 Momotdca 
3 Azadirachta 
4 Punca granatum 
10 100 
Current Densrty ipMcm^) 
1000 
FIGURE 1. Polanzation curves in the absence and presence ot 
inhibitors. 
color almost was removed. Moreover, the blowdown 
of the cooling w-ater system could be recycled though 
the effluent treatment plant of the industry instead of 
passing through an adsorption column. 
Antiscaling Studies 
The scale formation in cooling water systems is 
caused mainly by calcium (magnesium) carbonates 
and sulfates. Studies were performed at higher levels 
of calcium saturation, LSI = +3. Results of the action 
of different extracts on scale formation are given in 
Table 2. Scale inhibition efficiency of the extracts 
were compared with that of HEDP and found to be in 
the order, azadirachta (98) > punica granatum (73) > 
HEDP (65) > momordica (51). 
Mechanism 
Aqueous extracts of the plant materials investi-
gated in the present study were organic in nature 
and contained protein, carbohydrates, calcium, caro-
tene, tanins, thiamine, ascorbic acid, riboflavin, etc. 
These constituents of the plant materials were com-
posed mostly of nitrogen- and oxygen-containing 
organic compounds. Adsorption of these constituents 
may occur through their nitrogen and oxygen active 
centers. Furthermore, these compounds also may 
form complexes with the metallic cations. These com-
plexes can cause blockage of mlcroanodes and/or 
microcathodes that are generated on the surface 
under corrosive conditions, and hence, can retard 
the dissolution of metal. 
CONCLUSIONS 
• All the extracts of the plant materials were found 
to inhibit corrosion of mild steel significantly. 
•> Values for 1E% did not drop under flowing condi-
tions, and hence, the plant materials can be used 
effectively as cooling water inhibitors. 
TABLE 3 
Electrochemical Polanzation and Impedance Parameters in the Presence of Vanous Doses of Inhibitors 
Inhibitor (3ose 
Blank 
Azadirachta irxJica 
3mLa. 
SmLO. 
6mUL 
7 m U L 
Momordica charanlia 
1 mUL 
2mUU 
3 m U L 
4mLyL 
Punica granarum 
0 4 m L ^ 
0 8mL/L 
1 ZmUl 
1 6mLA. 
HEDP 
100 ppm 
200 ppm 
300 ppm 
Polarization Studies 
E ^ 
(mV«d 
-554 
-574 
-589 
-604 
-606 
-506 
-512 
-524 
-518 
-558 
-566 
-572 
-570 
-564 
-568 
-570 
lc~. 
((I A/cm') 
35.0 
20 
15 
7 4 
7 6 
20 2 
11 2 
6 8 
100 
21 6 
160 
104 
11 0 
22 6 
11 0 
3 5 
IE% 
— 
42 86 
57.14 
78 85 
78 28 
42 29 
68 00 
80 57 
71 43 
38 28 
54 28 
70 28 
68 57 
35 4 
685 
900 
Rt 
( f i - cm^ 
310 
450 
860 
1,800 
— 
640 
1,060 
1,900 
— 
490 
1,120 
2,000 
— 
— 
— 
— 
c« 
(nF/cm') 
4,540 
3,904 
1,690 
880 
— 
2,512 
1,758 
816 
— 
3,668 
1,389 
776 
— 
— 
— 
— 
IE% 
— 
31.11 
63.95 
82 77 
— 
51 56 
7,075 
83 68 
— 
36 73 
72 32 
84 5 
— 
— 
— 
— 
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V Blending of the extracts with HCDP incieased !C% 
of azadirachta from 84% to 92% 
•:• Extracts of ayadirachta and punica granatum were 
predominantly cathodic inhibitors while the exfxact 
of momordica charantia acted predominant.ly as an 
anodic inhibitor 
<• Nyquist plots showed a complex forming tendency 
of the extract with the metal surfaces 
• IE% of the extracts evaluated using various tech-
niques (weight loss potentiodynamic polarization, 
and impedance) were in agreement 
•:• Extracts of the plant materials aJso inhibited scale 
formation and the maximum antiscahng efficiency 
was exhibited by the extract of azadirachta By pre-
venting scale formation, higher cycles of water can be 
undertaken in an open-recirculatmg cooling system, 
which also would conscr\'e water 
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Inhibition of dezincif ication of 7 0 - 3 0 brass by 
aminoalkyi mercaptotriazoles 
M. A. QURAISHI 
I. H. FAROOQI 
P. A. SAINI 
Corrosion iiihibiuo i cjpciencies of inazoic do uilwesfor 70-30 brass m water containing 
3%NaCI liace been eialualcd b\ means of weii^ht loss electrochemical po'ai i^ation ana 
impedance lechiuques The tnazole derwaliics namely arunomeih}! mercoptotriazole 
(AMhiT) ainmoethjl mercaptotnazole (AEMTj and ammopropyl me'capiotriazole 
(APMT) gave inhibition efficiencies m the order APMT (94 5%)>AEMT 
(93 6%) > A'vlMT (91 5%) \']qui',l ploi-i slioued Warburg impedance ic the -eaction 
uoi undei diffusion ^onirol The inhibition effuiemics of the li lazoles did not diop under 
dynamic flow condilions Solution analysis shoned selei.iiui. dissolution of zinc conpaud 
\Mlh copper The /oiu'jl concentration oj zii c achieted in the tests Hilh the optimuin 
inhibitor addition was 0 35 mg L~' 
Dr Quiaishi n in itii C(irnisu>n Ri.\i.anh Lahoiatoi \ ami Mr I arouij t nd Or i< i/ii 
are in the Liwironmertal tnginecring S(i./io» Department of Civil Engineering Aligaih 
Muslim University, Aliga^h 202 002 India Mawnciipt received 24 April 199S accepted 
2 November 1999 
O 2000 loM Coninniiiictiiivii'. Liu 
INTRODUCTION 
Brass has been widely used for components in heat 
exchangers and pumps and in vanous industrial sectors 
such as the sugar, paper, textile, and marine industries The 
y brasses supplied for potentially corrosive environments 
contain arsenic to inhibit dezincification Practical problems 
with dezincification are expencnced with the a.-P brasses 
used, for example, for tube plates in old condensers or 
heat exchangers, for pipe fittings, or as valve components 
Arsenic does not inhibit dezincification of a-/? brasses' 
Studies of the corrosion phenomena of arsenic free ct-fi 
brass therefore assume great practical iignificance 
Man\ organic compounds have been used as corrosion 
inhibitors for brasses Of these, azolcs have shown the 
greatest cfficienc) " •* Benzotnazoles ha\e been recognised 
as effective inhibitors for copper and its alloys Recentlj, 
tol>ltria7ole has been found to have equal or superior 
inhibilivc dc'ion •* H o w c s c thc r cTicicncy decrcjsci in ih. 
presence of chlorine 
The present in\csiigation is concerned \ulh a stud) of 
the inhibitue action of tnazole deri \atnes, namely amino-
nieihyl mercaptolriazolc (AMMT), aminoethyl mercapto-
ina/olc (AFMT), and aminoprop>l mcrcaptotria/o'c 
(AI'M f), on ihi. corrosion of 70 30 brass in water 
containing 3%NaCl 
EXPERIMENTAL 
Materials 
The inhibitors were s>nlhcsiscd in the laboratory following 
procedures described elsewhere^ Coupons mcasurnn; 
5 x 2 x 0 0 2 5 cm were eul from commercial grade 70-30 
biass sheet for weight loss studies, while for polarisation 
iiid inipedanec studies brass strips with an exposed area of 
1 em wc e used Specimens were polished mechanically 
uiih dilTcrcnt grades of cmcr) paper and were fuialiy 
eleaiied willi aeeloiie 
Methods 
Weight loss experiments were carried out at 40 'C foi 
5 da)S as described in earlier work '' Specimens in iriplic Ue 
I" IL suspended in 200 ml (iT mliihiled and iiiniiliihiled 
silk lions iiul lliL inlnl'jilion ellieieiieies weie e ileul ilnl 
Ironi llie dillerLtKL in the \-.cight loss v ih'cs in liie presence 
niii ibscncc of n hiDi'oi s 
The anodic and calhodic polarisation behaviour of 70-30 
brass in 3%NaCI solution was determined using an EG&G 
potentiostat/galvanostat (model 173) Impedance studies 
were performed using a computer controlled EG(S.G PARC 
ssstcm, model M()310, with M398 software A platinum foil 
was used a» the counter electrode, and all potentials were 
measured against a saturated calomel electrode (SCE) 
Dynamic studies were undertaken to assess the perform-
ance of Iria/olej under Ilowing conditions An open 
recirculating system was u";ed for dynamic conditions and 
the specimens in triplicate were suspended in it The 
dsnamic tests were performed under controlled teiiiperalurc 
conditions (40 + 2"C) A flow velocity of 1 5 m s " ' was 
maintained and a total solution volume of 10 L was 
recirculated 
Solutions collected during the weight loss experiments 
were analysed with a dig.tal portable voltameter to 
de ;rminc the eoneenliations of zinc and copper in solution 
OBSERVATIONS AND DISCUSSION 
Weight loss measurements 
Taole 1 givib inc inhioition clFicienc) obtained at diffcrcnl 
eorcentralions I'f ti.e ihrce Iria/olc derivatives All the 
co -pounds wee found to inhibit corrosion of brass in 
wc cr containing 3%NaCl The inhibition eflicieneics 
inc'cased with increase in tria/ole concciitralK.n unlil llie 
111. \imum cllieionev w is obUuncd at an optimum eoneeii 
tr..' on of 200 mg L " ' The ranking of inhibuion efficiencies 
wjv as follows 
APMT(94 5%)> ACMT(93 6%)> AivlMT(91 5%) 
The inhibit'or clhciency of APMT was higher than thai of 
AE^5T This may be due to the higher inductive elfecl of 
the propyl group than the ethyl group The same is true 
for the ethyl dcrivalive in eompar.son wilh the mcthvl 
d e r \ a l i \ c Ben/oliia/olc and 2-nicrcaptotiiazclc were 
tested by Gupta cf al^ for corrosion inlubitioi. of 70-30 
br.1^^ in an acjueous medium The compounds tested 
exh'bited 78% mlfibition efficiency, well below the levels 
Receded for the Irl^i/cles c\ ilualed in the prescni jtudv 
I ilile I ,i's(i }.i\es the itsu'ls of OIL dvnai iie s'udiLs ll 
is ev dent llial ll e inliibilioii ellieien i^ s leiii line i al 
tl s^,nic und^i d \ n i n i e eonditi ins uhi h le ii ^ 
it foi 111 e\ I J ll 1 of CO 111 w I 11 ll 
7i Pi l iJ i f~orros 0 1 Joerna 2000 Vj l 3b ko 1 
s i t .-^  
Qurajshi ei al Inhibition o( de^incific/ilion o) 70 30 b, rnss 79 
l«( 
1 d 6 
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27S 
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• 
-
1 
3 
^ 
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APMT 
!—"—•—,-. 
^ ^ \ \ / 
^ \ ( 
, 3>1^  
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^ 1 
. 1 1 
^ 3 
^ ) 
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CURRENT DENSITY pA cm ' 
1 Polarisation curves in absence and presence of inhibitors 
Hence, 'he inhibitors can be used cfTcclivrl) for the 
pievention of corrosion m cooling vaicr system'; employing 
brass components 
Poten t iodynamic studies 
Anodic and caihodic polarisation corves in both the 
absence and presence of inhibitors at the optimum 
concentration arc shown in Fig 1 It can be seen that in 
the presence of inhibitors, ihe curves nave shifted lo lower 
current regions, showing Ihe inhibiiion tcndrni,) of Iriazoles 
The values of various electrochem-cal parameters are 
700 
100 
^.^-~ 
• 
0 
0 
• 
-—~'^ .. 
1 ' 
6L * N . 
A U U I 
A t M l 
A ^ M T 
yy 
JOQ 
2 „ 
400 
kOcm' 
2 Nvquist plots in presence and absence of inhibitors 
summarised in Table 2 It is apparent that the presence of 
triazoles has not shifted the corrosion potential £„„ much 
Hence, all the tnazole derivatives can be classed as mixed 
inhibitors, le they inhibit both cathodic and anodic 
reactions 
I m p e d a n c e studies 
Tabic 2 also includes the resuks of impedance icsts and 
Fig 2 shows Nyquisl plots in the absence and prcJcncc of 
the optimum concentration of inhibitors This furlhi.r 
Table 1 Effect of inhibitor concentra t ion on inhibi t ion eff iciency of 7 0 - 3 0 brass in 3%[\laCl water 
Inhibitor 
cone, 
ppm 
Irhibition effcienc/, % 
Static Dynamic 
Solubility analysis, ng mL" 
2n Cu 
Inhibition of dissolution % 
Zn Cu 
Blank 
AMMT 
50 
100 
150 
200 
AEMT 
50 
100 
150 
200 
APMT 
50 
100 
150 
200 
3 362 0 010 
60 50 
79 80 
86 50 
91 50 
68 60 
82 80 
91 50 
93 60 
74 5 
88 7 
92 5 
94 5 
87 40 
88 80 
90 60 
1068 
0 826 
0 510 
0 436 
0 920 
0 634 
0 426 
0 396 
0816 
0 620 
0 442 
0 35 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
0 00 
68 2 
75 43 
84 80 
87 03 
72 60 
81 4 
87 30 
88 22 
75 73 
81 56 
86 80 
89 60 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
Table 2 Electrochemical po la i i sa t ion , impedance p a r a m e t e r s , and inhib i t ion eff iciency (IE) for 7 0 - 3 0 
brass in 3%NaCI w i t h inhibitoi addit ions 
Inhibitor 
concentration 
ppm 
Polarisation stud es 
IE % 
Impedance studies 
R, f! cm^ Ca \f cm" IE % 
Blank 
AMMT 
100 
150 
200 
AEMT 
1U0 
150 
200 
APMT 
100 
150 
200 
-230 8 20 2080 550 5 
236 
234 
228 
230 
232 
236 
216 
220 
228 
2 00 
1 60 
0 80 
1 60 
0 90 
0 50 
1 20 
0 80 
0 40 
75 60 
81 70 
90 24 
80 48 
89 02 
93 90 
85 36 
90 24 
95 10 
11 250 
19 500 
26 500 
14 500 
27 500 
42 500 
23 250 
29 500 
51 500 
142 80 
124 50 
74 21 
128 20 
73 5 
42 62 
102 24 
69 41 
32 19 
81 50 
89 30 
92 15 
85 65 
92 40 
95 10 
91 05 
92 95 
95 96 
80 ) s/i LI I Inh Ij I c ol cii ; u i(iL ilio 1 o ' 7 0 30 hross 357 
I Dill II Ills {IK mil bill \i- n lU IL of HI I/OILS 11 i. in IK SLLII 
ih 11 lliL cli irgL I iiisfi.r rLM-iKino. /<, iucrL.»iLs .ind ihc 
Jnubk l i \ t r c ip ici'IIKL C^ dccri-.iscs in ilic presence of 
inhibilors 1 or all three in i/ole derivatives N\quist plots 
sliou Warburg iinpcdancc mdicaling ihal the reaction was 
under dillusiori control This situation occurs when the 
electrode surface is covered with reaction product of limited 
solubiht) * It has been reported in the htcraturc that 
trui/olcs form complexes vwth copper ' The decrease in Q , 
values in (he presence of inhibitors suggests that coverage 
of the metal surface with reaction product decreases the 
iloublc I i>tr ihicl-ncss 
70 30 brass m vv ilrp conlaunng 3%N iCI 1 he r^nkini. o 
mhibition cfi'ciciicics was A P M T > A f M T >AMMT 71-e 
inhibitors also performed well under dviunuc condition^ 
Inhibition eincicncics obtained through polansanon and 
impedance studies were m agreement with those obtained 
through weight loss studies Polarisation curves revealed 
that the triazolc derivatives are mixed inhibitors Nvquist 
plots show Warburg impedance, indicating thai the reaction 
IS difTusion controlled Solution analysis showed selective 
dissolution ol Zinc as compared with copper The lowest 
concentration of /inc achieved in the prcs'-ni tests with the 
optimum inhibitor addition wds 0 35 mg L~' 
Solut ion analysis 
Tabic I includes the results of solution analjsis It is evident 
ihai prcrcrenlial dissolution of zinc has occurred in tne 
ab'.cnce of inhibitors However, the dissolution of zinc 
decreased as the concentration of inhibitor increased 
Ai tht optimum concentration of inhibitors the zinc con-
centration in the solution showed a minimum value o*" 
0 35 mg L" ' Hence, it may be concluded that the inhibiicrs 
under stud) also minimise the dczincificdiion of brass 
CONCLUSIONS 
All of the triazole derivatives studied in the present 
iiivesligation performed well as corrosion inhibitors for 
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Abstract 
The influence of a newly synthesised organic compound 
on the inhibition of corrosion of arsenical aluminium brass 
in a NaCI sokition has been investigated using weight loss 
measurements, potentiodynamic polarization studies and 
impedance measurements Different corrosion kinetic 
parameters obtained from polarisation studies reveal that 
the inhibition of corrosion of arsenical aluminium brass in 
NaCI IS under mixed control UV-reflectance, X-ray 
diffraction and scanning electron microscopic studies have 
also been carried out to understand the mechanism of 
inhibition of corrosion, and also the morphological 
changes on the surface of the alloy The adsorption of this 
compound on the metal surface from 3 5% NaCI solution 
IS found to obey Temkin's adsorption isotherm 
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Introduction 
Copper and us alloys, especially biasses have 
been used as materials for the construction of 
tubes and pipes for transporting vsater and 
also for fabricating condensers and heat 
exchangers (Unni et al, 1982; Deshmukh ci 
al, 1982; Vakil and Oza, 1982) Aluininium 
brass is finding extensive use as the tube 
material for condensers and heat exchangers 
making use of sea or brackish water as the 
coolant (Habib and Amin, 1992, Narain and 
Asad, 1992, Shalaby ei al, 1996, Hpler and 
Castle, 1979; Castle and Pamzi, 1086) 
Incorporation of arsenic and/or phosphorus as 
the minor alloying additive is found to bring 
doun the occurrence of dealloying attack 
(Pr\-or and Glam, 1982, Mazza and Torchio, 
1983). The greater resistance of aluminium 
brass may be attributed to the presence of an 
aluminium compound which has a 
passivanng effect (Baccaria and Poggi, 1988, 
Baccaria ei al., 1989) Usually brass is 
susceptible to a corrosion process namely 
dezincification. Many organic compounds 
have been examined for their utility as 
corrosion inhibitors for brasses in different 
corrosive media. Azoles have been found to 
serve as efTective inhibitors for the corrosion 
of brasses in acidic and neutral solutions 
(Patel et al., 1974; Soni and Bhatt, 1974, 
Elrahman, 1991; Dacosta et al., 1993, 
Heidersback and Vernick, 1972, Farooqi and 
Quaraishi, 1997, Berchmans er al, 1997) In 
the present study, a new compound namely 
1,2,4,5 tetrazo spiro (5,4) decane-3-ihione 
(TSDT) has been synthesised, and its 
influence on the corrosion of arsenical 
aluminium brass in 3.5% NaCI has been 
studied using different techniques such as 
V.eight loss measurements, potentiodynamic 
polarization studies and impedance 
measurements. UV reflectance 
measurements. X-ray diftVaction studies and 
scanning electron microscopic studies have 
also been carried out. Results are reported 
and discussed 
Experimental 
Arsenical aluminium brass specimens oi the 
composition Cu - 77 5 pci ccni, / n 2o 5 
pt! cent, Al - 1 Q pci m i t and \ i> I p -
LLiu \vcre used ioi .ill siu^iios Kc 1.1 i', > . ii 
siveimcns ol si/c T -• J ("• ^^ i i.i ' , i i 
376 
J > t t u 1 ^p 0 l> 1) CI e ! t I ( IS ) (CI h i 
1 Bpcfh IS S / ( i ) < 7 / ] l s h m / y i f 1/ <; v in n ' ' M r> ,h 
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l(ir weiuht loss measurements A cvlindrical 
rod of the same composition jnd embedded 
in Teflon to expose an area of 0 276cm" v>.as 
used for potentiodvnamic polarization 
studies Specimens used for weight loss 
measurements were polished using 
mechanical polishing and then degreased For 
polarization studies the electrode was 
polished using a sequence of emery papers 
and then degreased The compound used as 
mhibitor, namelv, 1,2,4,5 tetrazo spiro (5,1) 
decane-3-thione (TSDT) was synthesised 
according to the procedure reported 
elsewhere (Lemon, 1969) The structural 
formula of the compound is given in Figure 1 
The compound has the molecular formula 
Cf,NiH,,S, and a molecular wt of 172 00 
A R grade B D H N'aCI was used for 
preparing all solutions Double disti'led v\ater 
was used for preparing experimental 
solutions 
Both weight loss and potentiodynamic 
polarization studies were earned out as 
described elsewhere (Phani et a/ , 1995) 
Impedance measurements were earned out 
using a Frequency analyser (Model 170 
Solartron, UK) at the corrosion potential and 
the Electrochemical interface (Model 1186, 
Solartron, UK) as described elsewhere (Phani 
e! al, 1995) Surfaces of corroded and 
inhibited specimens were examined bv UV 
reflectance measurements usmg U-3400 
Spectrometer (UV-VIS-NIR Spectrometer, 
Hitachi, Japan) as reported earlier 
(Berchmans t7 a/ , 1997) Corrosion products 
adhering to the surface were examined bv X-
rav diftractometry (Model JEOL 8030) using 
copper K (A = 1 54 1 A) as the target material 
Figure 1 Structural formula 12 4 5 tetrazo spiro 
decane 3 thione 
HN NH 
NH 
Results and discussion 
I able I gives the values of inhibition 
efficiency for different concentrations of 
T S D T for the corrosion of arsenical 
aluminium brass m 3 5 per cent NaCl It is 
found that the inhibition efficiency increases 
with increase in the concentration up to 
500ppm Beyond this concentration, there is 
no appreciable increase in the inhibition 
efficiency The inhibition of corrosion of 
STsemcal aluminium brass in 3 5 per cent 
KaCl solution can be attributed to the 
adsorption of the compound on the metal 
surface The adsorption can occur through 
the interaction between the lone pairs of 
electrons of sulphur and nitrogen atoms and 
the positiveK charged metal surface 
The degree of surface coverage {()) for 
different concentrations of T S D T has been 
evaluated using the equation 0 - 1-WinhAV 
from weight loss values in the absence (W) 
and presence of T S D T (Winh) The data 
obtained were tested graphically for fitting a 
suitable adsorption isotherm Temkin's 
isotherm was tested by plotting 0 vs log C. A 
straight line was obtained, thereby proving 
that the adsorption of T S D T on arsenical 
aluminium brass from NaCi solution obeys 
Temkin's adsorption isotherm 
Table II gives the values of inhibition 
efficiency, m the presence of different 
concentrations of T S D T for different 
temperatures ranging from 30°C to 90°C It is 
found that the inhibition efficiency decreases 
with an increase in the temperature This 
observation can be attnbuted to the 
desorption of the T S D T from the metal 
surface at higher temperatures Therefore, 
Table I Inhibition efficiencies for the corrosion of 
arsenical aluminium brass in 3 5% NaCI in the presence 
of different concentrations of 1 2 4 5 tetrazo spiro (5 4) 
decane 3 thione (TSDT) 
Concentration of the 
inhibitor (in ppm) Inhibition efficiency (%) 
50 
100 
200 
300 
400 
500 
600 
700 
rjote r i in i iC 
46 3 
59 0 
73 0 
84 0 
92 3 
93 3 
93 5 
93 7 
:i77 
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Table II Values of inhibition efficiency {%) for different concentrations of 
1,2,4,5 tetrazo spiro (5,4) decane-3-ttiione (TSDT) at different 
temperatures 
Figure 2 Nyquist plot for aresnical aluminium brass in 3 5 pp' f m ! 
in the presence of 500ppnn TSDT 
Concentration 
of the 
(ppm) 
50 
100 
200 
300 
400 
500 
Inhibitor 
Values of 
30° C 
46.3 
59.0 
73.1 
84 0 
92 3 
93.3 
Inhibition effic ency (%) at different 
temperatures 
50°C 
45 
54.6 
68.2 
82.0 
87.0 
88.0 
VCC 
43.6 
49 0 
67.3 
78 7 
84.4 
83 0 
90 C 
42 8 
42 7 
65.5 
69 5 
79 2 
79 0 
this compound is not very effective as a 
corrosion inhibitor at higher temperatures. 
Table III gives the values of corrosion 
kinetic parameters such as corrosion current 
density (Icorr):, corrosion potential (£,„„.), 
Tafel slopes {b^ and b^) and inhibition 
efficiency calculated from the corrosion 
current densities derived from 
potentiodynamic polarization studies. Values 
of Ecorr shift to less negative values in the 
presence of increasing concentrations of 
T S D T . An increase in the concentration of 
T S D T is found to increase the values of both 
Tafel slopes almost to an equal extent. So the 
inhibition of corrosion of arsenical aluminium 
brass in 3.5 per cent NaCl solution is under 
mixed control. Values of inhibition efficiency 
obtained from the weight loss method and the 
values of / „ „ agree very well. 
The Nyquist plot (Figure 2) in the presence 
of SOOppm T S D T shows Warburg 
impedance, thereby bringing out the fact that 
the reaction is under diffusion control 
involving ionic diffusion. This situation 
usually occurs when the metal surface is 
4 0 0 
20 0 iiOO 
Z ' ( K ohms ) 
eoo 
Note; 1 = 3 5% NaCI alone, 2 = 3 5% NaCI + 500 pprr 
T S D T 
covered with a reaction product of limited 
solubility. 
The fact that the inhibition of corrosion of 
arsenical aluminium brass in 3.5 per cent 
NaCl in the presence of T S D T may be due to 
the formation of an almost insoluble film on 
the metal surface is supported by UV 
reflectance studies carried out using different 
specimens under similar conditions. A 
comparison of reflectance curves for buffed 
and well polished arsenical aluminium brass 
specimens with those dipped in 3.5 per cent 
NaCl in the absence and presence of T S D T 
(Figure 3) clearly brings out the fact that the 
percentage of reflectance is maximum for the 
polished specimen. It has been considerably 
decreased for the specimen immersed in 3 5 
per cent NaCl solution. This change can be 
attributed to the change in surface 
characteristics due to the corrosion of 
specimen in NaCl. But in the presence of 
500ppm T S D T , the reflectance is decreased 
only to a very small extent. This shows that 
Table III Corrosion kinetic parameters for the inhibition of arsenical aluminium brass in 3 5% NaCl in the presence 
of different concentrations of 1,2,4,5 tetrazo spiro (5,4) decane-3-thione (TSDT) at 30 ± r c 
Inhibitor 
concentration 
(in ppm) 
Blank 
50 
100 
200 
300 
400 
500 
600 
700 
^corr 
(mV) 
-257 
-250 
-245 
-245 
-i'il 
-238 
-235 
-230 
-230 
'corr 
(mA.cm"') 
3.9 
20 
1 75 
1 05 
0 65 
0 48 
0 35 
0 24 
0 19 
ba 
34 8 
35 2 
35 8 
37 2 
40 4 
43 5 
45 2 
46 3 
47 2 
Tafel 
(mV. 
slope 
dec"' 
be 
) 
52.4 
53 6 
54 2 
55 8 
59 2 
61 6 
63 7 
64 9 
65? 
Inhibit ion 
efficiency (% 
_ 
48 7 
55 2 
73 1 
85 9 
87 6 
91 r 
93 P 
9S 1 
378 
361 
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Figure 3 Reflectance curves for arsenical aluminium b-sss specimens under various conditions 
50 
25 
0 
a 
^^.^^-^—^ 
/ *" 
b 
_, 
' — 1 1 . 1 1 1 
200 iOO 600 
WAVELENGTH (nm) 
800 
Note: a = polished, b = immersed in 3 5% NaCI solution c = immersed in 3 5% NaCl 
solution containing TSDT (500 ppm) 
the surface characteristics of the inhibited of 
arsenical aluminium brass specimen are not 
altereci very much because of the formation of 
a film by the adsorption of T S D T on the 
metal surface. 
X-ray diffraction studies (Figure 4(a)) on 
the corroded specimen clearly show the 
formation of an outer oxide layer consisting of 
cuprous oxide and copper oxychloride (29 = 
45,50). XRD spectrum (Figure 4(b)) for 
arsenical alummium brass in 3.5 per cent 
NaCl solution in the presence of T S D T 
shows the presence of an adsorbed film which 
is responsible for the inhibition of corrosion of 
the metal. This inference can be drawn from 
the fact that there is a difference in the peak 
heights in the spectra obtained in the presence 
and absence of T S D T . 
SEM photographs also show the formation 
of a ihin organic film on the metal surface, 
which is actually responsible for the inhibition 
of corrosion of the metal in NaCl solution. 
Figure 4{a) XRD spectrum for arsenical aluminium brass dipped in 3 5% NaCl solution 
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Figure 4(b) XRD spectrum for arsenical aluminium brass in 3 5% NaCi with the presence of 500p[)m TSDl 
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Conclusion 
Studies on the inhibition of corrosion of 
arsenical aluminium brass in 3.5 per cent 
NaCl by T S D T bring out the following main 
conclusions: 
(1) 1,2,4,5 tetrazo spiro (5,4) decane-3-
thione (TSDT) very effectively inhibits 
the corrosion of arsenical aluminium 
brass in 3.5% NaCl. 
(2) The inhibition of corrosion of arsenical 
aluminium brass in NaCl by T S D T is 
under mixed control. 
(3) The adsorption of T S D T on the surface 
of aluminium brass from NaCl solution 
obeys Temkin's adsorption isotherm 
(4) Impedance measurements and UV 
reflectance studies bring out the fact that 
the inhibition is due to the formation of a 
thin insoluble film on the metal surface 
(5) An increase in temperature brings down 
the inhibitive performance of the 
compound 
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Abstract' 
Attempts are made to utilize the aqueous extracts of 
natural compounds, namely cordia latifolia and curcumin, 
as coaosiqn inhibitors for mild steel in cooling systems, 
and their inhibition efficiencies are compared with that of 
Hydroxyethylidene 1-1 diphosphonic acid (HEDP). HEDP is 
also blended with aqueous extracts of natural compounds 
so as to improve their inhibition efficiency. The blowdovvn 
of the cooling system is also analysed for environmental 
faaors. 
Introduction 
The use of low cost eco-friendly compounds 
as corrosion inhibitors for mild steel in open 
recirculating cooling systems assumes great 
significance owing to strict environmental 
legislations regarding disposal of cooling 
water blowdown. Recent research (Farooqi, 
1997) has confirmed the use of aqueous 
extracts of some plant materials, available in 
plenty and at low cost, as corrosion inhibitors 
for cooling systems employing mild steel. 
These compounds were found to be non-toxic 
to the envirorunent. The use of chromates, 
nitrites, zinc and other inorganic compKivmds 
as corrosion inhibitors for cooling systems was 
minimised after 1960 due to the environ-
mental protection point of view. Molybdate-
based compounds replaced chromates in the 
early 1980s as corrosion inhibitors for open 
recirculating cooling systems (Vukasovich, 
1990). However, they were tod costly to be 
used. Most of the cooling water inhibitors 
used these days are based on phosphonates 
(Bofardi, 1995; Gonzales et al, 1995). Phos-
phonates give better inhibition efficiencies 
when used in combination with zinc salts. 
Again, the permissible limit of zinc in water/ 
wastewater is restricted to 2mgA (Kalman, 
1990). Hence, there exists a need for the 
formulation of environmentally friendly 
compounds as corrosion inhibitors. T h e pre-
sent investigation aims at utilizing the 
aqueous extracts of curcumin and cordia 
latifclia (plant materials) as cooling water 
inhibitors and their inhibition efficiencies will 
be compared with H E D P , the most com-
monly used cooling water inhibitor. 
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Experimental procedures 
The extracts of the following plant materials 
and H E D P were tried as corrosion inhibitors 
for cooling systems: 
curcumin — containing a mixture of 
alcohol and phellandrene; 
cordia latifolia - containing sugar, gum 
and resinous matter; 
• H E D P - CH3C(OH)(P03H2)2. 
Mild steel strips of size 25 x 20 x 0.25n2m (C 
= 0.14 per cent, Mn - 0.35 per cent, 
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Accepted: March 1999 
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Si = 0.17, S = 0.025 per cent, P = 0.03 per 
cent and rest Fe) were used for weight loss 
experiments. For potentiodynamic polariza-
tion studies, mild steel strips of the same 
composition with an exposed area of Icm^ 
were used. Specimens were polished succes-
sively with 1/0 to 4/0 grades of emery paper 
and finally degreased with acetone. Weight 
loss experiments were carried out for five days 
at 40 'C as described elsewhere (Ajmal ec a!., 
1994). Potenriodynamic studies were per-
formed using a cell assembly consisting of 
three electrodes. The working electrode was 
of mild steel, a platinum foil was used as a 
counter electrode and a saturated calomel 
electrode as the reference electrode. Polar-
ization experiments were carried out using the 
EG and G PARC Model - 173 Potentiostat/ 
Galvanostat universal programmer, model 
175 and with X-Y recorder, model RE 0089. 
The scan speed was ImV/s and the direction 
was from cathodic to anodic side. 
Accelerated water, prepared by adding 
200mg/l ammoniimi persulphate to tap water, 
was used as a test solution for the rapid 
screening of cooling water inhibitors. An open 
recirculating cooling system was used for 
dynamic studies. All chemical analyses were 
carried out as per standard methods[ l ] . 
Anli-Corro5ion Methods snd M.ite'i.ils 
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400ppm and 60ml/l (of 50 per cent stock 
solution) respectively. At 200ppm of H E D P 
the inhibition efficiency was 91 per cent. 
In order to lower the optimum concentra-
tions of inhibitors, H E D P was blended with 
different concentrations of cordia latifolia and 
curcumin - the results are given in Table I. It 
is seen that blending H E D P with extract of 
cordia latifolia resulted in a decrease in its 
optimum concentration requirement. The 
above study reveals that cordia latifolia is 
effective in reducing the concentration of 
H E D P for equal inhibition efficiency and vice 
versa. Moreover, blending resulted in an 
increase in the inhibition efficiency of 18 per 
cent in the case of cordia latifolia (at a 
concentration of 30ml/l). The results of the 
static tests are also plotted for Temkin's 
adsorption isotherm and are shown in Figure 
1. It is seen that the compounds studied 
follow the isotherm. This shows that they 
inhibit corrosion through adsorption. 
T h e optimum concentrations of the inhibi-
tors, evaluated under static tests, were also 
tested for dynamic conditions as such condi-
tions are more realistic for the evaluation of 
cooling water inhibitors. The results of the 
dynamic studies are given in Table II. It is 
seen that the inhibition efficiencies of the 
inhibitors does not decrease significantly 
under dynamic conditions and hence they can 
be effectively used as cooling water inhibitors. 
P o t e n t i o d y n a m i c po la r iza t ion s tudies 
Figure 2 shows the anodic and cathodic 
of curcumin and cordia latifolia for mild steel behaviour of mild steel in the presence and 
under static and dynamic conditions. The absence of inhibitors. The values of various 
results of the static tests are summarized in electrochemical parameters are also given in 
Table I. It is seen that the aqueous extracts of Table III. In the presence of the compounds 
both the nat\iral compounds inhibit corrosion studied, die corrosion current density has 
Results and discussion 
Weight loss m e a s u r e m e n t s 
The present srudy deals \vith the assessment 
of corrosion inhibition efficiencies of synthe-
sized compoiuid H E D P and aqueous extracts 
of mild steel. The inhibition efficiency of the 
inhibitors increased with increases in inhibitor 
concentration until maximum inhibition effi-
ciency was obtained. An increase in the 
inhibitor concentration beyond optimum 
concentration does not significantly affect the 
inhibition efficiency. The maximum inhibi-
tion efficiency (%) of the compounds was as 
follows: 
HEDP (99) > cordia latifolia (92) 
> curcumin (65) 
The maximum inhibition efficiencies of 
HEDP, cordia latifolia and curcumin were 
obtained at concentrations of 400ppm, 
significantly reduced, thereby indicating that 
they are corrosion inhibiting in nature. The 
inhibition efficiencies are slighdy lesser than 
those obtained in weight loss studies. More-
over, the presence of extracts has not shifted 
the Ecorr values by any noticable amount. The 
values of ba and b^ are also given in Table III. 
It is seen that both bj and b;. values have 
changed slightly in the presence of inhibitors. 
However, the change in the values of b^ and 
be was marginal and hence it can be con-
cluded that the compounds studied acted as 
mixed inhibitors. 
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Table I Inhibition efficiencies of inhibitors obtained under weight loss conditions 
Inhibitor concentrat ion, C 
Blank 
Cordia lat i fol ia (50% stock solution) ml/l 
10 
20 
30 
40 
50 
60 
Curriculum (ppm) 
25 
50 
100 
200 
300 
400 
HEDP (ppm) 
50 
100 
200 
300 
400 
Cordia + HEDP 
(20m!/1 + lOOppm) 
(30m(/l + lOOppm) 
(40ml/l + lOOppm) 
Curcumin + HEDP 
(200ppm + lOOppm) 
(300ppm + lOOppm) 
(400ppm + lOOppm) 
Weight 
loss 
mg/dm^ 
150 
80.0 
54.0 
40.0 
24.0 
17.0 
11.0 
100 
95 
83 
74 
66 
60 
80 
43 
14 
12 
0.4 
42.0 
15.0 
15.6 
41.0 
43.0 
45.0 
Inhibition 
efficiency 
(%)l 
-
46.67 
64.0 
73.33 
84.0 
88.7 
92.7 
33.3 
36.7 
44.7 
52.0 
57.0 
65.0 
46.67 
71.3 
90.67 
92.00 
99.0 
72.0 
90.0 
89.6 
71.3 
72.6 
70.0 
6 
-
0.467 
0.640 
0.733 
0.840 
0.887 
0.927 
0.333 
0.367 
0.447 
0.507 
0.553 
0.500 
0.467 
0.713 
0.907 
0.920 
0.999 
-
-
-
-
-
-
GO 
-
21.413 
31.250 
40.928 
47.169 
56.619 
64.725 
75.075 
136.240 
223.74 
394.447 
543.48 
714.286 
107.066 
140.252 
220.507 
326.087 
400.00 
-
-
720 
-
-
-
COD (mg/1) TDS (mg/l) 
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,860 
,250 
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Figure 1 Temkin's adsorption isotherm 
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Mechanism of corrosion inhibition 
The aqueous extracts of natural compounds 
used are oxygen containing organic com-
pounds and also resinous matter. Adsorption 
of these compounds may occur through their 
oxygen active centres (Saleh et al., 1982). 
Temkin's adsorption isotherm also supports 
the adsorption phenomenon. Moreover, the 
aqueous extracts are mixed in nature, i.e. they 
inhibit both anodic and cathodic reactions. 
Analysis of blowdown 
The blowdown of the cooling system was also 
analysed for chemical oxygen demand (COD) 
and total dissolved solids (TDS), parameters 
indicating pollution strength of wastewater. 
Table I also gives the values of C O D and 
T D S at optimum concentration of extracts. 
The blowdown possesses higher values of 
C O D and T D S and as such needs treatment 
before disposal. It is suggested that either the 
blowdown is passed through an adsorption 
unit employing activated carbon as an 
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Table II Inhibition effiaencies of inhibitors under dynamic conditions 
Name of 
inhibitor 
Blank 
Cordia iatifolia 
Curcumin 
HEDP 
Inhibitor 
concentration 
C 
-
60nnl/l 
400ppm 
200ppm 
Weight 
loss 
mg/dm^ 
133 
39.5 
55 
10.8 
Inhibition 
efficiency 
(%) 1 
-
71.0 
58.65 
92.48 
9 
-
0.703 
0.586 
0.919 
ae 
-
85.318 
682.0 
217.676 
COD (mg/l) 
236 
680 
840 
1,210 
TDS (mg/l) 
750 
1,750 
1,040 
640 
igure 2 Polarisation curves for MS in cooling water in absence and 
resence of optimum concentration of plant extracts and HEDP 
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adsorbent or it is oxleci through the effluent 
treatment plant of the industry. 
Conclusions 
The aqueous extracts of studied natural 
compounds were el^ective in reducing the 
corrosion of mild steel and their inhibition 
efficiencies were: H E D P (99), cordia Iatifolia 
(92) and curcumin (65). Blending of HEDP 
with cordia Iatifolia has resulted in increased 
inhibition efficiency, while there was no effect 
of blending H E D P with curcumin. The 
corrosion inhibition efficiencies of the inhibi-
tors evaluated by various techniques and 
under static and dynamic conditions were in 
agreement. The inhibitors were found to 
follow Temkin's adsorption isotherms. The 
extracts of cordia Iatifolia and curcumin were 
of mixed nature. 
Note 
1 "Standard methods for the examination of water 
and wastewater" (1985), 16th ed., Proceedings of 
7xh SEIC. Ann. Univ. Ferrera, pp. 673. 
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Table III Electrochemical corrosion parameters for mild steel in cooling water in presence and absence of plant 
extracts and HEDP 
Name of 
inhibitor 
Blank 
Cordia Iatifolia 
Curcumin 
HEDP 
Inhibitor 
concentration 
_ 
eomi/i 
400ppm 
200ppm 
Corrosion potential 
E,o„ mV V/S SCE 
-555 
-565 
-550 
-545 
*CDn 
nAcm"^ 
30 
10 
15 
6 
I.E. % 
-
65.6 
50 
80.0 
ba 
240 
224 
245 
204 
be 
100 
110 
no 
212 
Si i) cf low c )bt tc nd j conf ou ids 
IH faiooq AqLi Hi^sin /'^ Ou 3 si a d P A Sj n 
Si = 0 17, S = 0 025 per cent, P = 0 03 per 
cent and rest Fe) were used for weight loss 
experiments For potennodynamic polanza-
tion studies, mild steel stnps of the same 
composition with an expvosed area of 1cm 
were used Specimens were polished succes-
sively with 1/0 to 4/0 grades of emery paper 
and finally degreased with acetone Weight 
loss expenments were earned out for five days 
at 40 'C as descnbed elsewhere (A)mal et al, 
1994) Potenuodynarruc studies were per-
formed using a cell assembly constsung of 
three electrodes The w orking electrode was 
of mild steel, a piaDniun foil was used as a 
counter electrode and a saturated calomel 
electrode as the reference electrode Polar-
ization expenments were earned out using the 
EG and G PARC Model - 173 Potentiostat/ 
Galvanostat universal programmer, model 
175 and with X-Y recorder, model RE 0089 
The scan speed was ImV/s and the direction 
was from eathodic to anodre side 
Accelerated water, prepared by adding 
200mg/l ammonium persulphate to tap water, 
was used as a test soluDon for the rapid 
screening of cooling water inhibitors An open 
recirculating cooling s>stein was used for 
dynamic studies All chemical analyses «ere 
earned out as per standard methods(l] 
367 /'nl Co fo on f 'n ho- ^nd V i i 
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400ppm and 60ml/l (of 50 per cent stock 
solution) respectively At 200ppm of H E D P 
the inhibition efficiency v. as 91 per cent 
In order to lower the optimum concentra 
nons of inhibitors, HEDP was blended with 
different concentrations of cordia latifolia and 
curcumin - the results are given in Table I It 
is seen that blending HEDP with extract of 
cordia latifolia resulted in a decrease m us 
optimum concentration requirement The 
above study reveals that cordia latifolia is 
effective in reducing the concentration of 
HEDP for equal inhibition efficiency and vice 
versa Moreover, blending resulted in an 
increase in the inhibition efficiency of 18 per 
cent in the case of cordia lanfolia (at a 
concentration of 30ml/l) The results of the 
stauc tests are also plotted for Temkin's 
adsorption isotherm and are shown m Figure 
1 It IS seen that the compounds studied 
follow the isotherm This shows that they 
inhibit corrosion through adsorption 
The optimum concentrations of the inhibi-
tors, evaluated under static tests, were also 
tested for dynamic condmons as such condi-
uons are more realistic for the evaluanon of 
cooling water inhibitors The results of the 
dynamic studies are given m Table II It is 
seen that the inhibition efficiencies of the 
inhibitors does not decrease significantly 
under dynamic conditions and hence they can 
be effectively used as cooling water inhibitors 
P o t e n t i o d j n a m i c polar iza t ion s tudies 
Figure 2 shows the anodic and eathodic 
behaviour of mild steel in the presence and 
absence of inhibitors The values of vanous 
electrochemical parameters are also given in 
Table I It IS seen that the aqueous extracts of Table III In the presence of the compounds 
Results and discussion 
Weight loss m e a s u r e m e n t s 
The present study deals unth the assessment 
of corrosion inhibiuon efiaencies of synthe-
sized compound HEDP and aqueous extracts 
of curcumin and cordia lanfolia for mild steel 
under static and dynamic condiuons The 
results of the static tests are summanzed in 
both the natural compounds inhibit corrosion 
of mild steel The inhibiuon efficiency of the 
inhibitors increased with increases in inhibitor 
concentrauon until maximum inhibition effi-
ciency' was obtained An increase in the 
inhibitor concentration be\ond optimum 
concentration does not significantly affect the 
inhibition efficiency The maximum inhibi-
tion efficiency (%) of the compounds was as 
follows 
HEDP (99) > cordia latifolia (92) 
> cjrcumin (.65) 
Tlie maximum inhibition efficiencies of 
HEDP, cordia latifolia and curcumin were 
obtamed at concentrations of 400ppm, 
studied, the corrosion current density has 
significantly reduced, thereby indicaung that 
they are corrosion inhibiting in nature Tlie 
inhibition efficiencies are slightly lesser than 
those obtained m weight loss studies More-
over, the presence of extracts has not shifted 
the Ecorr values by any noticable amount The 
values of ba and be are also given in Table III 
It IS seen that both b^ and be values have 
changed slightly in the presence of inhibitors 
However, the change in the values of b^ and 
be v.as marginal and hence it can be con-
cluded Uiat tlie compounds studied acted as 
mixed inhibuors 
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Table I Inhibition efficiencies of inhibitors obtained under weight loss conditions 
Inhibitor concentration, C 
Weight 
loss 
mg/dm^ 
Inhibition 
efficiency 
(%)l OG COD (mg/l) TDS (mg/l) 
Blank 
Cordia latifolia (50% stock solution) ml/I 
10 
20 
30 
40 
50 
60 
Curriculum (ppm) 
25 
50 
100 
200 
300 
400 
HEDP (ppm) 
50 
100 
200 
300 
400 
Cordia + HEDP 
(20ml/l + lOOppm) 
(30ml/l -t- lOOppm) 
(40ml/l + lOOppm) 
Curcumin + HEDP 
(2D0ppm + lOOppm) 
(300ppm + lOOppm) 
(400ppm + lOOppm) 
150 
80 0 
54 0 
40 0 
24 0 
170 
110 
100 
95 
83 
74 
65 
60 
80 
43 
14 
12 
04 
42 0 
150 
156 
410 
43 0 
45 0 
-
46 67 
640 
73 33 
840 
88 7 
92 7 
33 3 
36 7 
447 
52 0 
57 0 
65 0 
46 57 
713 
90 67 
92 00 
990 
72 0 
900 
89 6 
713 
72 6 
70 0 
-
0 467 
0 640 
0 733 
0 840 
0 887 
0 927 
0 333 
0 357 
0 447 
0 507 
0 553 
0 500 
0 457 
0713 
0 907 
0 920 
0 999 
-
-
-
-
-
-
-
21413 
31250 
40 928 
47 159 
56 519 
64 725 
75 075 
136 240 
223 74 
394 447 
S43 48 
714 286 
107 066 
140 252 
220 S07 
325 087 
400 00 
-
-
720 
-
-
-
580 
710 
1,850 
1,250 
1,150 1,050 
860 
Figure 1 Temkin's adsorption isotherm 
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Mechanism of corrosion inhibition 
The aqueous extracts of natural compouncis 
used are oxygen containing organic com-
pounds and also resinous matter Adsorption 
of these compounds may occur through their 
oxygen active centres (Saleh et al, 1982) 
Temkin's adsorption isotherm also supports 
the adsorption phenomenon Moreover, the 
aqueous extracts are mixed in nature, i e they 
inhibit both anochc and cathodic reacaons 
Analysis of blowdown 
The blowdown of the coolmg system was also 
analysed for chemical oxygen demand (COD) 
and total dissolved sohds (TDS), parameters 
indicanng pollution strength of wastewater 
Table 1 also gives the values of C O D and 
T D S at optimum concentration of extracts 
The blowdown possesses higher values of 
COD and TDS and as such needs treatment 
before disposal It is suggested that either the 
blowdown IS passed through an adsorption 
unit employing activattd carbon as an 
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^Uidy Q L ^ cost eco facndly compound 36P •"nti ConO'; on M thod^ ?n1 f1c,'i.r >l 
/ H raiooqt Aqb I nuss<iin M A Quratshi and P A Saini Volume ^G Nunber 5 1999 3?8-33I 
Table II Inhibition efficiencies of inhibitors under dynamic conditions 
Name of 
inhibitor 
Blank 
Cordia latifolia 
Curcumin 
HEDP 
Inhibitor 
concentration 
C 
-
60nnl/l 
400ppm 
200ppm 
Weight 
loss 
mg/dm^ 
133 
39 5 
55 
108 
Inhibition 
efficiency 
{%) 1 
-
71 0 
58 65 
92 48 
e 
-
0 703 
0 585 
0919 
oe 
-
85 318 
682 0 
217 676 
COD (mg/1) 
236 
680 
840 
1,210 
TDS (mg/l) 
750 
1 750 
1 040 
640 
Figure 2 Polarisation curves for MS in cooling water in absence and 
presence of optimum concentration of plant extracts and HEDP 
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adsorbent or it is c>xled through the effluent 
treatment plant of the industry. 
Conclusions 
The aqueous extracts of studied natural 
compounds were effective m reducing the 
corrosion of mild steel and their inhibition 
efficiencies were H E D P (99), cordia latifolia 
(92) and curcumin (65). Blending of H E D P 
with cordia latifolia has resulted in increased 
inhibition efficiency, while there was no effect 
of blending HEDP with curcumin The 
corrosion inhibition efficiencies of the inhibi-
tor; evaluated by various techniques and 
under static and d\Tiamic conditions were m 
agreement The irihibuors were found to 
follow Temkin's adsorption isotherms The 
extracts of cordia lanfolia and curcumm were 
of mixed nature 
Note 
1 "Standard methods for the examination of water 
and wastewater" (1985), 16th ed, Proceedings of 
7th SEIC, Ann Univ Ferrera, pp 673 
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Table III Electrochemical corrosion parameters for r.iild steel in cooling water in presence and absence of plant 
extracts and HEDP 
Name of 
inhibitor 
Blank 
Cordia latifolia 
Curcumin 
HEDP 
Inhibitor 
concentration 
-
60my\ 
400ppm 
200ppm 
Corrosion potential 
'^CO^T mV V/S SCE 
-565 
-565 
-560 
-545 
'corr 
pAcm"' 
30 
10 
15 
6 
IE % 
-
66 6 
50 
80 0 
b. 
240 
224 
245 
204 
b< 
100 
110 
110 
212 
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Corrosion prevention of mild 
steel in 3% NaCI water by some 
naturally-occurring substances 
by I H Farooq i \ M A QuraishP, and P A Saini^ 
^ Environmental Engineering Section, Department of Civil Engineering, 
AMU, Aligarh, India 
2 Corrosion Research Laboratory, Department of Applied Chemistry, 
Af^U, Aligarh, India 
THE INHIBITIVE effects of aqueous extracts of Jasminum auriculatum (leaves) and Cordia latifolia (fruits) on the corrosion of mild steel, in 3% NaCI water, were investigated 
by means of weight loss, electrochemical polarization, and impedance. The inhibition 
efficiencies of the extracts were compared with that of HEDP, one of the most preferred 
cooling-water inhibitors. Both the extracts were found to inhibit corrosion; tt>e inhibition 
efficiencies were HEDP (93%), Cordia latifolia (84%), and Jasminum auriculatum (80%). 
Potentiodynamic measurements show that extract of Jasminum auriculatum was anodic,-
while the extract of Cordia latifolia was found to be cathodic. 
Impedance measurements show the complex fonT\ation tendency of ttie extracts. The 
inhibition effidendes of the extracts were also tested under dynamic flow conditions and 
were found in agreement with those obtained under static conditions. 
Introduct ion 
The formulat ion of cooling-water 
inhibitors, free from environinental 
liabilities, is becoming difficult owing to 
strict envirorunental legislation, as the 
blowdown mus t conform to the 
environmental standards prior to disposal 
on land/surface waters. Accordingly, 
greater research efforts have been directed 
towards formulating environmentally-
acceptable ii^hibitors. 
Inorganic irihibitors such as chromates, 
nitrites, phosphate^s, and zinc were widely 
used as cooling-water inhibitors in the 
1960s[l). However, these inhibitors were 
discarded owing to environmental 
problems. In the mid-1980s, the use of 
polyphosphates and their derivatives had 
gained attention owing to their non-
toxidty[2]. Molybdate-based inhibitots had 
also become p>opular for cooling systems[3], 
although they were found to be too 
expensive to be used. Hence molybdates 
were synergized with nitrites so as to 
reduce the concentration of molybdate[4]. 
Ascorbic add was also tried as an inhibitor 
for nuld steel[5]. 
The extracts of some common plants 
were found to inhibit corrosion of mild 
steel in 3% NaCl[6]. In continuation with 
our early studies on the formulation of an 
en\-ironmentally-friendly cooling-water 
inhibitor, aqueous extracts of some plant 
materials have been tried as inhibitors for 
mild steel in 3% NaCI water. The inhibition 
effidendes of the extracts were compcired 
with that of HEDP, one of the most 
commonly used cooling-water inhibitors. 
Experimentation 
Materials 
Aqueous extracts (stock solution, 10%) 
of the following materials were prepared 
and tried as corrosion inhibitors for mild 
steel in cooling system using 3% NaCI 
water; Jasminum auriculatum and Cordia 
latifolia. 
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optimum concentration of HEDP was 
blended with the optimum concentration 
of the extracts. The blending improved 
the maximum inhibition efficiency of 
Cordia laiifolia to (91%), although it did 
not improve the inhibition efficiency of 
jasminum auriculatum. HEDP is known 
to be antiscalent al&o. Hence blending of 
extracts with HEDP would not only 
improve the inhibition efficiency, but 
would also take care of the scaling problems 
in cooling systems. 
Potentiodynamic studies 
Fig.l shows the anodic and cathodic 
behaviours of mild steel in the absence 
and presence of inhibitors at optirnum 
doses. The values of the various 
electrochemical parameters are given m 
Table 2. In the presence of the extracts, 
the curves have shifted to the low current 
region, thereby indicating that they are 
corrosion inhibitive in nature. It can be 
seen from Table 2 that the presence of 
extracts has resulted in shifting of Ecorr 
values. For Jasminum auriculatum, the 
value of Ecorr has shifted towards the 
more positive direction, showing that 
Jasminum acted predominantly as an 
anodic inhibitor. There was almost no 
change in Ecorr values for HEDP, and 
hence it acted as a mixed inhibitor. The 
value of Ecorr for extracts of Cordia 
latifolia shifted to the more negative 
direction, clearly indicating that the 
inhibition of corrosion by Cordia latifolia 
was predominantly under cathodic control. 
Impedance studies 
Table 2 also gives the results of the 
impedance studies, which are also 
presented as Nyquist plots. Fig.2 shows 
the plots in the absence and presence of 
aqueous extracte oi p\ant ma\eriais. li^  i^ 
seen that the R, values have increased in 
the presence of extracts, indicating that 
they are corrosion inhibitive in nature. 
For Cordia latifolia, the Nyqxiist plot shows 
Warburg imf>edance. This shows that the 
extract of Cordia latifolia inhibits 
corrosion of mild steel by forming 
complexes with the metal. 
Table 2 also gives the values of the 
double-layer capacitance, C^, the values 
of which decrease with increase in the 
inhibitor dose. The decrease in the C j^ 
values in the presence of inhibitors 
(extracts) shows that they adsorb on the 
metal surface, resulting in a decrease in 
tlie double layer. The results of impedance 
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studies are more or less in agreement with 
those obtained employing weight-loss and 
pK>larization techniques. 
Mechanism of inhibition 
The aqueous extracts investigated in 
this study are organic in nature and 
contain proteins, carbohydrates, thiamine, 
riboflavin, ascorbic add, tannins, resinous 
matter, etc. The constituents of the 
extracte exairdned are mos'i^ y composed oi 
oxygen- and nitrogen-containing 
compounds. Adsorption of these 
constituents may occur through their N 
and O active centres. Moreover, these 
comjxjunds may also form complexes with 
metallic cations. The complexes can cause 
blocking of the micro anodes and/or the 
micro cathodes that are generated on the 
metal surfaces when in contact with a 
corrodant, and hence can retard the 
dissolution of metal. 
Conclusions 
The aqueous extracts of Jasminum 
auriculatum and Cordia latifolia were 95 
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found significantly to inhibit the corrosion 
of mild steel. The corrosion-inhibi t ion 
efficiencies of the extracts, evaluated by 
different techniques , w e r e in g o o d 
agreement. The inhibition efficiencies did 
not decrease much u n d e r d y n a m i c 
conditions. The inhibition efficiency of 
Cordia latifolia was improved by blending 
it wi th one third of the o p t i m u m 
concentration of HEDP. 
]asminum auriculatum was 
predominantly an anodic ir\hibitor while 
Cordia latifolia was p r e d o m i n a n t l y a 
cathodic iniiibitor. 
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The influence of sodium sulphate on furnace corrosion 
(continued from page 92) 
against corrosion loss from the 
material than the latter. 
3. Corrosion loss from the specimen in 
the case of Na^SO addition was 
found to be considerably greater 
than that w h e r e there w a s n o 
addition of Na^SO^. 
4. The increase of the exposure time of 
the specimens to the burning gas 
significantly results in increasing 
corrosion losses, for both with and 
without addition of Na^SO^. 
5. Corrosion was observed to be the 
most severe at test location 1, for 
bo th wi th and w i t h o u t Na^SO^ 
addition. This was primarily due to 
the higher burning gas temperature, 
the larger e ros ion effect of the 
b u r n i n g gas, a n d the l a rge r 
concentration of corrosion-causing 
gaseous components such as O^ and 
CO at that location. 
6. The increase of the s p e c i m e n 
temperature resulted in more severe 
corrosion of the specimens, both for 
with and without Na^SO^ addition. 
Moreover, the corrosion rate in the 
case of Na^SO, addition increased 
more sharply and nearly linearly 
with the specimen temperature. In 
contraist, the corrosion rates of the 
spec imen increased less , and 
parabolically, with the spec imen 
temperature in case of no Na^SO, 
addition. 
References 
1. N.S.Bomateii\ and M.A.Decrescente, 1970. 
The role of sodium and sulphur in the 
accelerated oxidation phenomena -
sulphidation. Corrosion, 26, pp 209-214. 
2. W.Bartoszewski, 1978. Gas corrosion of 
metals. Stanislaw Mrowec, Teodor Werber, 
Warsaw, Poland. 
3. E.L.Simons, G.V.Browning, and H.A 
Liebhafsky, 1955. Corrosion, 11, p505. 
4. P.Kofstad and A.Akesson, 1980. Oxidation 
of metals, 14, p301. 
5. A.K.Misra and D.P.Whittle, 1984. Oxidation 
of metals, 22, p i . 
6. H.J.Engel and F.Wever, 1957. ActaMet., 5, 
p695. 
7. J.Paidassi, 1958. Acta.Met., 6, p219. 
8. A.U.Malik and D.P.Whittle, 1981. Oxidation 
of metals, 16, p339. 
9. L.S. Zhang, X.M.Li, and S.T.Shih, 1987, 
Materia! Science and Engineering, A120, 
p277. 
10. Y.Niu, F.Gesmundo, F.Viani, and W.Wu, 
1994. The corrosion of Ni3Al in a 
combustion gas with cmd without Na^SO^ 
- NaQ deposits at 600-800C. Oxidntion of 
metals, 42, pp265-284. 
11. China Steel Corporation, 1997. Test 
certificate of JIS SB450, June. 
12. Chinese Petroleum Co Ltd, 1992. 
Specifications of diesel fuel oils. 
373 
Corrosion Prevention <S ControlApr\\ 1999 
A study of natural compounds 
as corrosion inhibitors for 
industrial cooling systems 
by A Minha j \ P A Sain i \ M A Quraishi^ and I H Farooqi^ 
' Environmental Engineering Section, Department of Civil Engineering, Aligarh 
Muslim University, India 
^ Corrosion Research Laboratory, Department of Applied Cfiemistry, Aligarh fv/luslim 
University, India 
THE INHIBITIVE effects of aqueous extracts of Eucalyptus (leaves), Hibiscus (flower), and Agaricus on the corrosion of mild steel for cooling-water systems, using tap water, have 
been investigated by means of weight loss (under static as well as dynamic conditions) and 
polarization methods. All the plant extracts were found to inhibit corrosion o^  mild steel and 
their inhibitive efficiencies were in the order: Agaricus (85%), Hioiscus (79%), and Eucalyptus 
(74%) under the static test condition. The inhibition efficiencies remain almost the same 
under dynamic test condition, which are nearer to field conditions. All the inhibito.'-s (ovtraotc) 
were found to follow Langmuir as well as Freundlich adsorption isotherms, i e they inhibit 
corrosion through adsorption. 
Polarization measurements gave a similar order of inhibition efficiencies of plant extracts 
as that determined using the weight-loss technique. Agancus extract was found to be 
predominantly a cathodic inhibitor, while the extracts of Eucalyptus and Hibiscus were found 
to be mixed inhibitors. 
3P 
Introduction 
Environmental legislation continues to 
impose greater restriction on the content 
of cooling-water b lowdown. Accordingly, 
m u c h research effort has been directed 
towards developing eco-fnendly cooUng-
water inhibitor formulations 
In the 1950s, inorganic inhibitors such 
as chromates, nitrites, polyphosphates, and 
z inc salts were used as cool ing-water 
i n h i b i t o r s [ l - 5 ] The prac t ice of us ing 
inorganic inhibitors was dropped for the 
sake of protecting the environment 
Phosphonates, the most commonly-used 
o rgan ic inh ib i to rs for mild steel, also 
require the add i t ion of zinc for bet ter 
inhibition efficiency[lj However, water 
containing a high concentration of zinc 
cannot be discharged to surface waters[6] 
In the 1980s, molybdate based inhibitor 
formulations had gnincd popularity fo^ 
open recirculating svstcms|7] Moiybditr 
being expensive, needs l o b e replaced with 
economical inhibitor formulations The use 
of aqueous extracts of some common plants 
as corrosion inhibitors in an acid medium 
was successfully investigated by tvl Salah 
et n/[8] 
Con t inu ing from our earlier s tudies 
d e v e l o p i n g e n v i r o n m e n t a l l y - f r i e n d l y 
i n h i b i t o r f o r m u l a t i o n s for c o o l i n g 
s y s t e m s [ 9 ] , a q u e o u s e x t r a c t s of 
Eucalyptus, Hibiscus, and Agancus were 
tried as corrosion inhibitors for cooling 
systems The blowdown of the cooling water 
was also analysed for chemical oxygen 
d e m a n d , a p a r a m e t e r i n d i c a t i n g the 
pollution strength of water 
Mater ia ls and m e t h o d s 
The aqueous extracts of the following 
tiiree p l a n t s were u";ed as inh ib i to r s 
t i i c a l ) p t u s (containinp^ l e r p e n c s anH 
(annin';) Hibiscus ('"ontTininj"' flavone a i ' 
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T n |) wi\l<^r 
conductivity 
TDS 
Ca** + M g " (expressed a CaCO.) hardness 
C a " (expressed a CaCO ) hardness 
total alkalinity (expressed a CaCO,) hardness 
chloride 
sulpliate 
•imM^tm&m 
PH 
DO 
saturation index (LSI) 
mhMmm 
^<^/^^^£m'lr; 
Accelerated water (just after addition of ammonium persulphate) 
conductivity 
^^« ;^ : : ^^ t j ^ :B |K 
TDS 
pH 
DO 
COD immmm^ 
Tabic 7. Characteristics of tap water and accelerated xuatcr. 
(a) tap water 
(b) accelerated water (just after the addition of amnwtuum persulphate) 
f lavonoids ) ; and Agar icus ( c o n t a i n i n g 
prote ins) . 
The test solution (accelerated w a t e r ) 
was made by adding 200mg/li of ammon ium 
p e r s u l p h a t e to tap wa te r . The u s e of 
a c c e l e r a t e d w a t e r is the s t a n d a r d 
procedure for the rapid screening of cooling-
s y s t e m c o r r o s i o n i nh ib i t o r s [10 ] . T h e 
a n a l y s i s of the t ap w a t e r a n d t h e 
accelerated water is shown in Table 1, 
The inhibitors were tested under bo th 
static and dynamic test conditions. The 
ciirrosion rate was measured using tlie 
we igh t - loss m e t h o d [ l l ] , w h e r e i n the 
weights of the coupons, before and after 
exposure, were recorded using an electrical 
balance and the weight loss was expressed 
in terms of m g / d m ^ Mild-steel coupons 
were cut to measure 45mm x 20mm x 
0.25mm for static as well as d y n a m i c 
conditions. The composition of mild steel 
used was as follows: 
• C 0.14%, Mn 0.35%, Si 0.17%, S 
0.025%, P 0/03%, Fe the remainder. 
Corrosion Prevention <S Control Apnl 1999 
376 
Inh ib i t o r dose 
or 
concen t r a t ion 
Weight loss 
(mg/dm') 
Inhibit ion 
efficiency I (%) cyi COD (mgn) 
Eucalyptus 
b l a n k 124.56 
26 50.GG 55.5-1 45.13 
50 38.01 69.48 71.96 
§M ^ ^iff 
Table 2. /ii/iibifioii efficiencies of plant extracts under static conditions. 
34 
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I iiliibilur doso or 
concen t ra t ion 
(inl/I) 
Weight loss 
(mg/dmO 
Inhibi t ion 
efficiency (%) COD (mg/1) 
Eucalyplus 
blank 
50 
700 
280.40 59 
Hibiscus 
blank 
75 
700 
700 64.83 
i^^^imM^. 
Agaric us 
blank 
75 
579 
43.86 92.40 
Table 3. Inhibition efficiencies of plant extracts under dynamic conditions. 
In the d y n a m i c test c o n d i t i o n , the 
s p e c i m e n w a s m a d e to r e v o l v e 
mechanically with the help of a flocculator 
(mechanical stirrer), with make-up wate r 
a d d e d w h e n r e q u i r e d . T h e u s e of a 
flocculator for testing inhibitors in dynamic 
conditions is reported in literature[12]. 
Corrosion rates were also moni tored 
clcctrochemically, and Tafel plots were 
obtained in the presence and absence of 
inhibi tors . 
Observations and discussions 
The effect of inhiibitors on corrosion 
of mild steel in cooling water 
The results of the static tests are given 
in T a b l e 2 and F i g . l . T h e i n h i b i t i o n 
efficiency of all the extracts increased with 
the increase in extract concentration until 
m a x i m u m efficiency w a s ob ta ined . An 
increase in the concentrat ion of extract 
beyond opt imum concentration reduces the 
inh ib i t ion efficiency. Th i s d e c r e a s e in 
inhibition efficiency may be attributed to 
the acidic nature of the extracts, as shown 
by decrease in pH. 
All the plant extracts showed good 
inlubition efficiencies, witii Agnricus being 
the mos t effective (86%), fol lowed by 
Hibiscus (80%), and Eucalyptus (75%). 
The irxhjbition efficiencies of the extracts 
w e r e a l s o o b t a i n e d u n d e r d y n a m i c 
conditions. Table 3 shows the results, from 
which it can be seen that the inhibition 
efficiencies of all plant extracts remain 
almost the same under dynamic conditions 
as under static conditions. It can thus be 
inferred that the effect of flow does not 
reduce the inhibi t ion efficiency of the 
inhibitors, and the inhibitors can be used 
effectively for cooling waters. 
The results of the static tests were also 
plotted for Langmuir as well as Freundlich 
adsorption isotherms (Figs 2 and 3). It can 
be seen that all the plant extracts follow 
Langmuir as well as Freundlich adsorption 
i s o t h e r m s , i .e. they inh ib i t c o r r o s i o n 
through adsorption. 
Polarization studies 
Potentiodynamic anodic and cathodic 
polarization curves for mild steel electrodes 
immersed in accelerated water , in the 
absence a n d p re sence of o p l i m u n i 
concentration of plant extracts, are sho'.vn 
in Fig 4. Var ious other clectrochcmicnl 
corrosion parameters, sucli as corrosion 35 
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I'liint oxtracL 
blank (cooling water) 
Eucalyptus 
Hibiscus 
Agaricus 
Corrosion 
po t en t i a l E (mV) 
-730 
-738 
-740 
-772 
CorroRion cu r ren t 
12.0 
6.0 
5.0 
1.5 
1 n W i ' l M L i w . . 
efficiency {%) 
-
50 0 
58.3 
87.5 
Tabic 4. Electrochemical corrosion parameters for mild steel in cooling xoaler, in Ike presence 
and tibsence of optimum concentrations of plant extracts. 
Fig.l. 
Performance of 
tlic inhibitors 
for mild steel 
in aqueous 
medium. 
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INHIBITOR DOSE ( m l / I t . ) X 10 
13 
current, 1^^ corrosion potential , E ^ and 
inhibition efficiency (%), are given in the 
table. 
The resul ts s h o w that all the three 
ex t r ac t s d e c r e a s e the v a l u e of I 
i n d i c a t i n g t h a t they a r e c o r r o s i o n 
inhib i t ing in n a t u r e . T h e s e q u e n c e of 
d e c r e a s e in I^ ^ ^  v a l u e s o r i n h i b i t i o n 
efficiencies was found to be: 
Agaricus > Hibiscus > Eucalyptus 
A similar order of inhibition efficiency 
36 
was also observed by the weight - loss 
method. The polarization curves for the 
extract of Agaricus indicated a shift in the 
corrosion f>otential towards more negative 
values of potential (-42mV compared to 
the blank), while there was no significant 
shift in corrosion potentials obtained in 
the polarization curves of mild steel in the 
presence of extrart<; nf F.uralyptus and 
Hibiscus. These observations clearly show 
that Hibiscus and Eucalyptus extracts are 
mixed inh ib i tors , whi le Agar icus is i-> 
predominantly cathodic inhibitor. 
cont inued on page 37 after Corrosion Report 
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Natural compounds as corrosion inhibitors 
(continued from page 36) 
Inhibition mechanism 
The extracts of the examined plant 
innlorinls contain nitrogen- and oxygen-
containing organic compounds. These 
compounds can adsorb on the mild-steel 
svirface through their N and O atoms, and 
inhibit the corrosion of mild steel. 
It is reported tliat nitrogen-containing 
compounds are strongly adsorbed in 
comparison to oxygen-containing 
compounds, which is tlie reason why the 
protein-containing Agaricus extract gives 
a greater inhibition efficiency than 
Hibiscus and Eucalyptus extracts. 
Effect of blowdown 
Disposal of cooling-water blowdown 
poses a threat to the environment, as it 
may contain various pollutants. 
Biochemical oxygen demand/chemical 
oxygen demand (COD) is a parameter 
indicating the pollution strength of 
wastewater. Water containing higli COD 
values rapidly depletes oxygen in the 
receiving water, thereby affecting the 
aquatic life. Hence chemical oxygen 
demand was also measured in the inhibited 
medium. 
Table 2 shows the COD values in all the 
three mediums inhibited by plant extracts 
(at optimum concentration). The COD 
values are more than the permissible 
values and, as such, tlie blowdown cannot 
be discharged directly. It is proposed that 
the blowdown of the cooling water may be 
cycled through the effluent-treatment 
plant of the industry. 
Conclusions 
1. All the plant extracts were found to 
inhibit corrosion of mild steel quite 
significantly. The inhibition 
efficiencies of the inhibitors were in 
the following order: 
Agaricus > Hibiscus > Eucalyptus 
2. In the weight-loss experiments, under 
static condition.s, Agaricus gave a 
220 
200 
^B0 
Eucalyptus Extract 
Hibiscus Extract 
Agaricus Extract 
3 ^ 5 6 7 8 9 1 0 
CONCENTRATION ( r n l / l l ) X 1 0 — 
12 13 Fi^.2. 
La II^>ri II ir 
j>!o!s for ll\c 
37 
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Fig.3. 
Freuiidlich 
plots for tlie 
( i i / i i ( ' i ( o r s . 
o 10 
i 
- Cucatyptwt £«t'Ott 
-M-^ 
C«<«:O<t«Mi0H ( m l / H . ) 
Fig.4. 
Polarization 
curves for mild 
steel ir\ cooling 
xmtcr in the 
presence and 
absence of 
optimum 
concentrations 
of plant 
extracts. 
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3d 
maximum inhibition efficisncy of 
85%, while the inhibition efficiencies 
of Hibiscus and Eucatyptus were 
80% and 75%, respectively. 
3. All tile plant extracts gave almost the 
sniiic efficiencies under dynnmic lest 
conditions, which arc more realistic 
4. All the plant extracts were found 
fol low Langmuir as we l l 
Freundfich adsorption isotherms, i 
they inhibit c o r r o s i o n by ; 
adsorption mechanism. 
concluded on back co^ 
w80 
• Takato Adach j and Nobu^h igc 
N'uma K . n s a i P . - ' C o L t d , H^'--^--
ken, Jap-M 
This process producirs a powder cooting 
in three stages 
(a)copoivm>-nzi'np a monofr.er miAiuic 
of a (metn.acryiate monomer WHILII 
has branched or cyclic substituents 
o! i\n.. or more carbon atoms ,.. its 
side rhpMx, and a (meth)acivlate 
mrini pr with functional grour;s to 
to'-'^ a the'- '".iosetling vinyi 
copol_\'mcr with a glass transition 
temperature cf zpproxi^ately 10 
lOU -C a n a a n u m b e r avt;rag^ 
molecular weight in the range 1,000 
to 10,000, 
(b)dissolving or d i spe r s ing the 
rnp'^lvmf'r and a crosshnkine agent 
in a solvent comprising at le^ st 30",. 
by weight (based on the weight of 
ti.c ^^l.cr.t) of tert-butancl, so as to 
form a resulting coating solution 
with a melting point of not less than 
'^\J \ _ , U i lV i 
(c) Jvophrnz,ing thi> coatlr.,^ jo' .uti^.. 
^r.dcT z pressure not h:eh°'- than 50 
mmHe 
The n'ocess is de-^igned to produce i 
povsder coating without polymerization 
Jyn In >^p DrOgrPS<;ive J a p l i r a ' " ' ' " of th<' 
.a( iicr.eratcd :unng prod; 
without generating gelled material • 
A study of natural co!rnpouodt> as corrosion Inuibitcrs 
(continued form page 38) 
5 The order of inhibition efficiencies of 
all plan* ^vfr^r^s obtained by the 
polanzation technique were similar 
tc- thi-^ • !'>-ined by the weight-loss 
method 
6 Agancus extract was found to be 
i.fCUvMii.i.anilv .1 ^ u'l-^,J.c in!-.'o.lcr 
v^hili' the oxtrarts of Hit"i<;cus and 
Eucalyptus were mixed inhibitors 
?eferences 
M ( ! ;itort \ Peber", t- Moran, arid 
PBlcno!, 1993 Rcvin tU- Scuna lic ! lau. 
6 97-112 
PTheMSscn, W Clouren, A Decrom, 
1 Colman, and S Kerremans, 1990 F'roc 7th 
European Symposium on Corrosion 
|"h)bi*T- i7-.i " ) Ann Upn'f-errara, N S , 
StTi \ 3 u - v l No 9 1,465;:"' 
i A EI Ho~or> „r,J M M Ciwish, 19fO 
Igyf' : Chan , 23, 67-70 
A D Mercer, 1990 Proc 7th European 
Symposium on Corrosion Inhibitors 
(7SEIC) Ann Univ.Ferrara, N S Siv 
V Suj^pl Ni;.9, 1 
5 M Yasuda, K.Suzuki, Y.Kondo, YO-;.i',^ and 
F Hine, 1985 Corrosion, 6. 32n-.-i^i 
6 Metcalf and Eddy, 1990 Wastcu ater 
Engineering Treatment, Disp<.isal, Incuse 
TflM-MK r^avv H'll Publishing Co 1 td \ ' eu 
L^\. I t I I , I I I ^ I U 
7 U ti Alexander and A n Mi>i.v.ari, •/^ _> 
CorrOMOn, 49, 921-928 
8 R M Saleh, A A Ismail, and A A h Hosary, 
!982 BrCorro], 17, 3. o l - i ' S 
"" ' M Farooqi, M * N " - >"^ "•' •^  n . -,,shi 
i996 Corro^iii'i ritii'.w> .•. ^, 'tr^! 
(acscpted for publication) 
10 C Shand and N Kurmaih, l^hn \atio>ini 
A-'iCCtation oj Ccrrc^ion E'i',;i'ii t r< 42, 4 
233 
11 '^  Patel and A ] Nic-', ]°«6 Cb^'-.c-^l 
1 reatment pp41-47 
12 ASTM Designaticr., ,'""0 C 31-7_, 
' jndard i r<icii «? I'or 'c.b"'!*^'"^ 
Immersion Corrosion Teshng of Melais 
381 
Environmentally-friendly 
inhibitor formulations for 
industrial cool ing systems 
b y I H F a r o o q i \ M A N a s i r \ a n d M A Q u r a i s h i ^ 
' University Polytechnic, A M U , A l igarh , India 
^ Corrosion Research Laboratory, Depar tmen t of Applied Chemistry, A M U , Al igarh, 
India 
CORROSION OF MILD STEEL in industrial cooling systems is a major problem and results in the loss of millions of dollars annually One of the effective methods of 
controlling corrosion is the use of inhibitors. Commercially-available inhibitors, such as the 
Dequestrange, require the addition of zinc for better inhibition efficiency; from an environmental 
point of view, higher zinc concentrations, present in the blow down of cooling systems, cannot 
be discharged to surface waters, in an effort to develop environmentally-friendly inhibitors, 
ascorbic acid was tried as an inhibitor and its inhibition efficiency was compared with that of 
the D^qtyes/inhibitors Similarly, ascorbic acid was blended with Dequest formulations so as 
to minimize the concentration of zinc in the blow down 
All the inhibitors used (ascorbic acid. DQ-2000, and DQ-2010>were effective. Blending 
of ascorbic acid with Dequests improved the inhibition efficiency of DQ-2000 as well as that 
of DQ-2010. Moreover, blending also reduces the optimum concentration of DQ-2000 and 
DQ-2010 and hence the concentration of zinc in the blow down was reduced The inhibitors 
were found to follow Langmuir adsorption isotherms Further, the optimum concentration of 
inhibitors evaluated under static conditions also proved good under dynamic conditions. 
I n t r o d u c t i o n " rc<.lU^rclncm^iRl Ni.\cUhi.lc>->-..Kicqu.>lc<.oturol 
111 I'll "logK.il pi nu III IM SSI. till il IS |i(il) |iluis|ili III s 
W.ilcr. llic iiKisI niiiiiiuiiily-tisoil lliiiil iii s.iii .n. I .is .1 milninl Idi li.i(.li.ii.i| J | Inc.i l l) IVSI) 
c o o l m g s y s i c i u s , di. isin-.i l ly .illc<.is i l icir mi)lNl><J.iii;-|i.isi.d iiiliiliiUiisioui|)i.iuc<.iinil.iiiiii; 
pvcrfornMiicc Tlic c.iils .ippio.icli In [ \cvcnlui i i s^s icms p.imcti po|nil,iiil) .is .lUciii.ilivcs to 
111 iiulil-siccl (.oiiosion 111 nioliii;; u. i ici s) sicius i. Imiii i . i lo-h.isi i l iiiluhiiiiis| 'J l() | ll<>\>. i. N.<.I , 
\ \ , \ s b i s c i l n i l HUH p.Mill. I i i l i i l i i l i i i s s u s l l .IS n i i i K IHI iU"s l i i \ i tin. i l i s . u l \ , inl ij't i i l I H I I I ) ; 
shioiiKUcs, niui los , poljpiio'-iili.iics. .IIKI ziiii. c \ |K 'ns i \c .S) ni-itiisin. (.(Iccisli.wi. been idcniilicd 
sallsl 1 -4] The u<;c ofchiom.ilc-b.ised IIIIUIMUIIS he l« i . en iiiol>lul ULS .md iiiltiles| ^| 
v>..i<;<.c.\sed rorcn\ iroiimciit.il puilei.tK>n rc.isoii<; Ih <jiii \l\[ 1 1 | 01 pluisplioii,iti.s ,11 e the most 
In (do i.asc u( ziiii. S.I (is. idcii dispos li 111 sin (,n.c 1.011 mum I) i i s ido ip iiiii. titliibidiis (01 imlil stii. I 
u. i tcr !•; lest i ietcd lo 2 Oiii<;/li|41 l lovvi . \c i . / i iu . /Ji I/IK \M loo uq i im. Ilii. .iddilion ol /iiic lot 
^.alt^are \ c r y c f l c e t n c iiiconibiii.iiion u uh iiKiii) bet ter inliibuuMi CIIKICIU.) 
<i|li(.( m(iibiioissti(.li.i' pol)iiicts pol) [ihospli.ilcs Tin. o b i t t Im. ol lliis s|iid\ \\ is lo t \ ,m 11 in. I lie 
.md pllosnli,iics| S (i| The use ol |H<i\iiieis .is . . o i io s io i i iiiliibilioii 1.11 n u. in. \ ol L in i i o i i 
coolmg-\ \ Jicr inhibitors h.is been suseObslulU IIICIU.IIIN -s.ile .istoibie .n.id on mild siei.1 .iiul to 
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O^er tiie List few d e c i d e s I'.e use of (.ommerei.ilh used iiiliibiiois sueli.isthc Wc (/(« u 
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Common in:e 
of n)ild itcci 
ttnilri ^Itiin tinil 
thniiinu tt St 
CO'ltllllUIIS 
T i m e ( d a y s ) 
1 
3 
5 
9 
12 
15 
W c i g h l loss u t \ d c r s i a l i c 
Icsl ( ing /dn i2 ) 
40 (X) 
75 00 
11630 
198 80 
21Z50 
22830 
VVciglit l o s s u n d e r 
d y n a m i c Icflt {mp^dm2) 
116.70 
229:20 
23630 
250.00 
266 70 
291.70 
Tabic 2 WcKl't 
t;tiiii anil nt n,/a 
liii^ i)J iiiilil \ii < / 
iliulcr ihntiiiuc-
test conditions 
T i m e ( d a y s ) 
1 
3 
5 
9 
12 
15 
W e i g h t loss u n d e r s t a t i c 
test ( m g / d m 2 ) 
a6 70 
1U7.50 
12330 
11230 
152 90 
15630 
W e i g h t l o s s u n d e r 
d y n a m i c tes t ( m g / d m 2 ) 
116.70 
229:20 
23630 
250.00 
266.70 
291.70 
coiicciitr.ilion of zinc m llic hUnv-dovui of Ilic 
coohng sys tem 
Materials and methods 
The maicr ia ls used were 
1 D Q - 2 0 0 0 (a i i i inotnnie i l i ) ! piio';plioiiic 
.IC-KI) 
A M I ' - N ( C n l'(),ll ), 
2 D Q - 2 0 1 0 U-hyi l io \>oi l i> l i J ( - i io l . l -
^Jllllul^]^lullln. ,1I.KI) 
l l E D D - C l l , C l 0 1 1 ) ( I ' 0 , l l , ) , 
.1 A«.curl>ic.icid C^Wp^ 
M e a s u r e m e n t of corrosion u j s c j r n c d out by 
llie \>.cipl)i-loss mclliod The wcifhis of ihc 
coil poll ^ bc lo io .UKI . i l icrcxposuic wtrc rcLordctI 
using an electr ical balance and ihc weighi loss of 
the metal v. as expressed in terms of ing/dnr The 
coupons of mild steel werecu i miolhe fohowing 
sizes 20 inm % 20iiini xO 25nim forihcsi.uictcsi, 
and 20ni in x 6t)inin x 0 2'inini lor tlic d^n.imic 
lesi The mild sieel used had ihc following 
composi t ion 0 14% C 0 357r Mn, 0 I 77P Si. 
0 02'^'7,^ S. 0 0T7r P and ihc re;! Tc 
T w o (csi solu t ions were used, one being 
ordinaly lap walc r and the oilier accelerated 
w aicr. p repared by adding 200mg/l i of potassium 
persulphate l K , S , 0 , ) to the tap water. The use of 
•Ki-v. Ici.ilcd ss.ilvi IS the S1,IIKI.\U1 )IUKC(UIIC foi 
rapid s c r e e n i n g ol coolmg-sys lc in corrosion 
mhibilorsl 12) 
The co r ros ion lesis v.cre carried out under 
sialic .IS \scll .IS (lynamii. condilions .ind .il a 
Imipi i.iiiiic (•( "iO +/- 2 " ^ Ihc ilyii.mm li-sl 
so lu luml lOli) u . i s kcpl rcc i icula l inghy .1 pump. 
,iiul temper.i l in c w.is in.iinl.iinLd by a llici inosl.ii 
M.ikc-up wa lc r was added every I2luiuis Inllie 
sl.ilic IcslsLuoiMinsol mild SICL! wcicsiispciuiLd 
111 a 2(H>-ml lesl suhUiun kept m a 250 ml conic.il 
flask 
O h s c r v i i l i o i i ' - m i d d i s c i i s s i o i i . s 
Rale of corrosion of mild steel in the 
aqueous inednun 
I he (.orrosion rale of mild slccI was sludied 
for I S days m si J U L - and dynamic- lcs lcondi t ions 
and Ihe results are summar ized in Tables 1 and 2. 
rcspccl iscU T.iblc 1 shows 111 It the corrosion 
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C o n c e n t r a t i o n of 
inh ib i tor ( p p m ) (C) 
Uank 
DQ-2000 • 
30 
120 
210 
240 
270 
DQ;2aiO , . ., .-
25 
50 
100 
150 
200 
250 
300 
M . - <•; -^ ^v 
200 
300 
400 
500 
600 
700 
W e i g h t loss 
(mg /d in2 ) 
27130 
• . - ! 
I T B ^ 
12630 
8130 
70J0O 
8630 
,. - >- -
13750 
lOUO 
60JOO 
\SJOO 
9S£0 
1 1 8 ^ 
14130 
• - . • • • ; j ; V 
1 3 2 ^ 
1 2 3 ^ 
llOiXX) 
9630 
13630 
16630 
I n h i b i t i o n 
e f f i c iency I (%) 
-
3350 
52.90 
TOJDO 
7430 
6750 
, • • 
49J0 
6230 
77 iO 
94J0 
63^0 
5600 
4750 
- , . ^ » 
SlJOO 
54 DO 
5930 
64-10 
4970 
38£0 
C/1 
-
L79 
2J27 
3,00 
3.23 
4.00 
•• 
a5i 
0.80 
L29 
1.60 
3.16 
4L44 
6 3 1 
, -
3.92 
5 , ^ 
6.74 
7 ^ 
12J07 
i a i 3 
Tnhir 3 
Inluhitiun 
eJJJciency of 
inliihilor^ in 
tti t (Irrtitt tl 
H tiler 
{iiiuncrKiiin 
period fne 
il<n\) 
rate W.T. (ligdcr during (lie Hrst (ise days under 
siatic-test conditions. Afterwards llie corrosion 
process slowed down due to consumption of 
dissolved oxygen (DO), which was I 8mg/hafier 
five days. The corrosion rale was higlicr under 
dynaniic-lcst conditions than sialic coiidilions, 
which can be attributed to a higher dissolved-
oxygcn content (DO = 5.2nig/li) It is seen from 
Table 2 that weight g.iins were also observed 
underdynaniic conditions Tlie table clearly shows 
the scaling tendency of water under dynamic 
conditions Tlie [X)siiive Langhersaiurniion index 
(LSI = +1 02) m.iy be one of the reasiiiis for the 
scaling (c(ide(i<._s of (he v.;((or. 'J/ic actual weight 
losses were obtained after removing deposits 
from the surface of the coupons. 
The effect of iiiliihilots on the loi i osian 
of mild steel in the aqiieuus niedimn 
In the present investigation, (he behaviourof 
some organic inhibitors on mi Id .sice I was studied 
using the weight-loss method at .SO +/- 2°C for 
five da) s. Corrosion measurements were carried 
out in accelerated water for rapid screening of 
cooliiig-s)s;oin corrosion ir.hibitois '1 he results 
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• •-Nin r r t M i i l i o i i •' ( ( i n l i i i l C X i o l M I ' ; < I ; 
Tnhic 4 
hiliihiuon 
iffii icin \ i>J 
Deqtiesi 
iiiliihiforj III 
Cl'llll>liulll/'ll 
null (Ml iiihu 
III III (iniint I \t 
fu iiiiitJh t 
Jll\S) 
Concen l ra l ion of 
i nh ib i t o r (ppm)(C) 
Hsnk 
DQ-2000-»-AA 
2047 
30 + 250 
60 + 250 
120 + 250 
135+ 250 
DQ-2)W0 + A A 
25 + 200 
bO + i W 
75+200 
10O + 2O0 
U 5 + 200 
W e i g h t loss 
( m g / d m l ) 
25630 
9130 
1 7 & ^ 
52_50 
2 2 ^ 
32-50 
^SXXl 
150i» 
&5J00 
SOJX) 
12-50 
-28 44 
I n h i b i t i o n 
eff iciency I (7r) 
-
64JM 
3350 
7930 
9170 
6730 
9430 
4130 
e6A0 
7620 
9920 
111 10 
C/1 
^ i 
047 
1.79 
0 76 
L IS 
137 
1.43 
( 
aeo 
075 
098 
LOO 
1 13 
i)f llic sl.ilit. tests ,iic st imnl. i i i /ci l iii I .ibic 1 
wditli ^(low^ ili.K (lie Kihibiiioii cl/icioiii .) of .ill 
llic inlnhilor^ iiiLrc.\scs wuli i iKrc t sc in inliiinior 
coiKciilr.itioii iiMliI in .winumi clf ie icney \v.\i; 
nbl.imcd An IMLIC isc in llic LOiin-iUnlioii nl 
iiibibiior bcyunJ llie op t imi ' in conccnir. i i ion 
reduces llie inhibition cfricicin-) 
Tlie niaximum minbition e fnc i ency of DQ 
2000 U.T; 74 1% nl .iii oplinniin conccnlr.Uion of 
24l!p|vii DQ 2()ll)g i \c Us Ml iMiiuim inhibition 
clliticiicy of 94 1% nt lS(lppn\ A';torbi(- .icid 
(AA) exhibited it<; hiphcst inhibi t ion efficiency 
i>l hi''/r .11 IDDjipni 1 hi. imlcr nf Mihilnlioii 
t l lKiciuy ol tlicN.uunisinhil-iitorsw,\s|luis|ovnul 
lo be J'; lollou •; 
O y 2010 > OQ 2(KK1> AA 
111 (iiiJcr to ,ii.hi(-\c better n-sulf; .iiul to lo\i.i.r 
the znic (.oncentrJlion in the bkns down the 
effect of blending n'icorbic aciil u i t h Dcquc\i^ 
u .IS "iUidicd liulie lirst coiubiii itioii 2'>0|)(>"iof 
,i';ci>rhic icid w i<; m i x e d w i t h d i f r c i e n l 
coiicciilr.itioii'; u( DQ 2000 .ind in the •second 
combinat ion 200ppm of j s c o r b i c acid N'.as 
c o m b i n e d v.\\\\ DQ 20 10 T h e corro<;ion 
mhibilK'ii d it.i lor tlie j b o \ e c o m b m itions ire 
g!\en iiiTTble 4 I i i s ev iden i f rom i his table tint 
the maxinuini inhibition efficicncN wa"; increa'^cd 
111] bolli IIK (.omhiinlioiis I ui IIIL IIISI (DQ 
2000 + A A) the m iKiimim inlubil ion c (Ocii-iit.} 
u.is i iKu.istd by I ' ; 8 ' / l iom 74 T/, i n ' M I ' / 
MorcDvc i . l l u s w. is . ichiCNcd w h e n (he 
tonc(.nu,i l ion"rDQ-2(K)() \s.is only n ' i p p n i In 
tlicsoi.oiuli.oinbin.itioii.ciricicncy w.isincrc.iscd 
11(1111 94 I ' / l o 9 9 2 ' / .iiul Ih.it too.it the mliibilui 
cniKcnii.ition nl HH>ppni 
The .ibove stud) also rcve jK that ascorbic 
acid w,\s found to he very c f f c c t n e in reducing 
tlic 7inc concentration in the b low dov.n of the 
(.oohnj; s)sti.ni It \s,is bmiul lli it hlciuliiig tliL 
. tstorbic .icid w a l l D Q 2 0 0 0 r e d u c e d the 
requiremeiil of z i n c / D Q - 2 0 0 0 solut ion Irom 
24l)|ipin lo IT ippm This is .i 4 1 R"}! i n hit I ion in 
the tonccnli itmn ul / im. ,is WLII ,IS inlnbitor 
.Simil iil\ .iddilion ol .iscoibic .icul to / I I I L / D Q -
2010 rnUiccs the rcc|uircmcnl of inbibilor from 
Ntlppm lo IDDppiii .1 "^ 1 4'/r inliiLlioii in ihc 
/IIK Iiul l l l l l l h K o i l o l K (. n i l IIIOII ( I l l l l c *)) 
i he icsultsol these cxpLi i i in . i i t suc i i . plotlud 
for L.vngnunr adsoipt ion i so therms I igs I and 2 
show ih.it tlie inhibitors follow the Langimiir 
.idsii;piH»i iMilliLiiiis which III l inn shoss s tli.il 
llicy inliihil lo r ros ion th roupb uKorplion 
llic iiiliihilivccMctI of all Ihc mhibilors w.is 
.ilso investigated under dyn. innc lest conditions 
Corrosion Icsis were c.irried out for five d lys in 
the piLscncc ol op t imum coiRi-ntr.itions ol each 
inliibitorevaluated undcrs ta t ic tes ts( i c 24Uppin, 
con t inued on pngo 133 
after Cor ros ion Rcporl 
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( ( I f t ( t M d i i I ' l ( \ ( 11(1(111 ,(; ( ( ) n ( , 111 ( )( I , i l , r 
Environmental ly-fr iendly inhibitor formulat ions 
{continued from page 132) 
Inhibilor 
DQ-2000 
DQ-2010 
Before b l e n d i n g 
conc'n 
(ppn>) 
240 
150 
inh ib i t ion 
efficiency 
(%) 
74.30 
94.10 
After b l end ing 
conc'n 
(ppni) 
135 
100 
inh ib i t ion 
efficiency 
94 10 
99 20 
Zn 
reduction 
(%) 
43 60 
33 40 
Concentration of inh ib i to r 
(ppm) 
blank 
DQ-2000/ 240 
DQ-2010/ 150 
AA/500 
Weight loss (mg/dnni) 
817.90 
42.50 
26.60 
153.70 
Inh ib i t i on efficiency (%) 
-
94 80 
9fa.7() 
81.20 
/al>/, .5 
lnliihilnnl 
('IJu ICIK V urul 
(.oncemraiinn of 
Dequesi 
inhthiiiir\ hcjttrc 
till J ti/irr 
blending «ilh 
ascorbic acid 
Tabic C> 
tttfttfitliiin 
rll'ii iciH V iif 
inhibilfir\ under 
ilviKiinic-fc^l 
rtitnbliim \ 
I50ppiii. and 500ppm for DQ-2(XX). DQ-2() !0 . 
and ascorbic acid respectively) . Tl ie resul ts arc 
siii\im,iri7Ccl in Tabic 6. The table s h o w ; thai all 
the iiiliihiiors pave better per formance under the 
dynamic-test condition than under that for the 
static lest. The order of inhibit ion efficiency of 
the inliibilurs was the same as in ihc static 
cuiiditioiis: 
DQ-2010 > DQ-2000 > A A 
Table 7 shows the coinpari.'.on ol iiiliibiiion 
e l f ic ic i icy u n d e r s t a t i c - a n d d y i i a n i i c - t c s t 
c o n d i t i o n s . It is c l e a r tha t t he o p t i n u n n 
coiK"cnli;Uioi\'- iif all ihicc inhibilnrv cvahialcil 
uiulci ^l.ilic-lcvl C(in<liliiins wcic alsn applKaMc 
uiidci ihc dyn-idiic-ic;! coiidfiioiis. wliicli arc 
more realistic in nature. 
Coiiclusioits 
I. All (he three inhibitors tested ( D Q - 2 0 0 0 . 
DQ-2010, and ascorbic acid) vscrc found to be 
vciy cllcclivc in inhibilinj; co i i o s ion of mild 
steel in the aqueous medium at 50 +/- 2 °C . The 
order of inhibition efficiency was found to be as 
follows: 
DQ-2010 > DQ-2(K)0> A A 
2. [Jlendinc of ascorb ic acid with DcqiicM 
iniproNcd the inhibit ion e fnc iency of DQ-2000 
l iom l-i.y:!r to 94 17, . anil (or l ) Q - 2 0 1 0 fiom 
9 4 . i r r toVV.IVr. 
3 . B lend ing a l so r e d u c e d the o p t i m u m 
coi\ccniiaimns of Zn/1)Q-20(K) ftom 2'lOppm to 
13.Sppm and lor Z n / U Q - 2 0 I 0 Irom l.'S()p|)rn to 
Fig.l. Lnngmuir 
pints for 
inlubilois (II 
5WC. 
C C > > r „ l 
100 )00 
« DQ 3 0 0 0 • • 0 0 2 0 1 0 A A S C O R B I C ACID 
C o r r o s i o n r r c \ c i U i ( ) n A C o i i l r o l C X l o K r I V P 
386 
Tabu 7 
Coinpanscn of 
ihc in)itbitit>ii 
(ffictcnct under 
static- and 
dynamic lest 
conditions 
I n h i b i l o r at 
o p l i m u m conc'n 
DQ-2000 
DQ-2010 
AA 
S t a t i c Icsl 
i n h i b i t i o n 
e f f i c i ency (7r) 
74 JO 
^4.10 
&4.10 
D y n a m i c tes t 
i n h i b i t i o n 
eff ic iency (%) 
9450 
96 70 
81:20 
I n x p r o v c i n e n l in 
p c / o r m a n c e (%) 
2 0 5 0 
Z60 
17.10 
Fig 2 
Langmiiir plots 
for iiiliibitors at 
50'C 
lOOppm In odier words b l e n d i n g reduces the 
concen t ra t ion of zinc in the b l o w d o v , n . 
4 A l l the inhibi tors were f o u n d lo f o l l o w 
L a n g i n u i r adsorption i so thenns , l i ia t is , they 
i n h i b i i cor ros ion by the adso rp t i on m e c h a n i s m 
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CHAPTER4 
Corrosion Inhibition Studies in 
Vapour Phase Conditions 
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CORROSION SC ^NCE SECTION 
Influence of Some 6-Methoxy-Anninobenzothiazole 
Derivatives on Corrosion of Ferrous and 
Nonferrous Metals Under Vapor-Phase Conditions 
J Rawat and M A Ouraishi' 
ABSTRACT 
Use of vapor-phase corrosion inhibitors is one of the most 
effective methods for preventing atmospheric corrosion dur-
ing transport and storage. In an attempt to develop multlmetal 
vapor-phase corrosion inhibitors, five ammobenzothiazole 
denuattues were synthesized to investigate their inhlbiftng 
action on corrosion of mild steel copper, and brass at 100% 
relatwe humidity by weight loss and potenttodynamlc polar-
ization methods 6 methoxy-ammobenzothiazole cmnamate 
exhibited the best performance among all the studied com-
pounds by giving >90% inhibition efficiency for all the metals 
investigated. All the inhibitors shifted corrosion potential of 
all metals significantly to the noble direction, indicating that 
they are predominantly anodic inhibitors 
KEY WORDS: 6-methoxy-ammobenzothiazole, atmospheric 
corrosion, ferrous metals, nonferrous metals, volatile corro-
sion inhibitors ^ 
INTRODUCTION 
The use of vapor-phase corrosion Inhibitors fVCI) Is 
one of the most effective and convenient methods for 
preventmg corrosion of metallic articles and equip-
ment during storage sind transportation. There are 
numerous mvestlgatlons on corrosion Inhibition 
studies by aliphatic amines, alicyclic amines, and 
their salts as VCI for various industrial metals and 
alloys.' •* However, investigations on heterocyclics 
bearing O, N, or S atoms In the ring have received 
Submitted for publication September 2001. In revised form 
October 2002 
* Corrosion Research Laboratory Department of Applied Chemis 
try Faculty of Engineering and Technology Allgarh Muslim Unl 
verslty Allgarh UP 202002 India 
little attention. Benzotriaizole has been reported as 
an effective corrosion Inhibitor for copper and its 
Eilloys.*^ Morphollne and its derivatives, such as 
morphoUne borate, sorbate, laurate, succinate, 
azelate, sebarate, and thlophenolate, were used as 
VCI by Vuorimen for mild steel. ' Subramanlan, et 
al.,° have studied the corrosion inhibition behavior 
of morphollne and its three salts such as morpholine 
carbonate, borate, and phosphate. Among them, 
morphollne and its carbonate exhibited 90% and 
85% inhibition efficiency (IE), respectively, while 
other salts gave <40% IE. Subramanlan, et al ,^  
studied corrosion InhlbiUve performance of cyclo-
hexylamme (CHA) salts and dicyclohexylamme 
(DCHA) salts on copper, mild steel, and zinc in a sul 
fur dioxide (SOJ environment. DCHA exhibited 
70.86, 85.15, and 91.81% IE In mild steel copper, 
and zinc, respectively. 
In the present study, the inhibiting properties oi 
five vapor-phase inhibitors were studied 6 methoxj' 
amlnobenzothiazole (MABT), 6-methoxy-
aminobenzothlazole cinnamate (MABTC), 6 methoxy 
amlnobenzothiazole nltrobenzoate (MABTN) 6-
methoxy-amlnobenzothlazole succinate (MABTS), and 
6-methoxy-aminobenzothlazole maleate (MABTM) on 
mild steel, brass, and copper 
EXPERIMENTAL PROCEDURES 
Weight-Loss Studies 
Weight-loss experiments were carried out in the 
presence and absence of Inhibitors at various con-
centrations, according to the procedure reported in 
literature'" using various ferrous and nonferrous 
238 
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nut t i l s ( \ i / mikl sleel coppti i\]i(l bias'-) Ihc'-ptci 
mens (2 0 i m bv 2 5 cm by 0 25 (m 10 7^ 5? m b\ 
0 787 in bv 0 098 in |) were used foi vvci!,ht loss 
measurement studies Weight-loss expcDments were 
earned out m the presence and absence of inhibiiors 
at 1 000 ppm using a conical flask with a tight 
littmg rubber cork containing 50 mL of 3^o sodiun 
chloride (NaCl) to maintain 99% to 100% humiditv 
The metal specimens were weighed and suspended 
in these bottles by nylon tags and just below these 
specimens weighed VCI samples were kept in an air 
thermostat set at 313 + 5 K and 99% to lOO '^o rela 
tive humidity for 30 days to allow for continuous 
condensation of moisture on the metal specimen 
The coupons were placed in an inhibited acid bath 
to remove corrosion products washed dried and 
then weighed 
Determination of IE with the Eschke Test 
Corrosion tests were carried out as required by 
the procedure reported in the liteiature" using mild 
steel, brass, and copper Polished strips (5 0 cm 
by 2 0 cm by 0 25 cm [] 968 m by 0 787 m by 
0 098 in 1) were wrapped in a single layer of inhibi-
tor-impregnated kraft papers and suspended in a 
climatic cabinet maintained at 90% relative humid-
ity Various inhibitors (1 g/ft^) were used for the 
expenments. The temperature cycle was set at 313 K 
for 12 h and at room temperature for another 12 h 
for condensation of the moisture The duration of the 
test was 20 days. A similar experiment \vas done with 
metals covered with untreated kraft paper (control) 
Determination of Vapor Pressure 
A standard Kundsen method'^ was used to de-
termine the vapor pressure of the inhibitors. The 
weighed compound was placed in a glass container 
with a hole of 1 0 mm diameter The glass container 
was then placed in an oven set at 313 K for 30 days 
Loss in mass was measured by an electronic balance 
and the values were put into the formula 
„ W 2RT"^ 
P = —X 
At M 
:i) 
where p is vapor pressure of the inhibitor in mm/Hg 
A is the area of the hole m m^, t is time of exposure 
m seconds, W is the weight of the evaporated sub 
stance m kilograms, T is temperature m Kelvin M is 
the molecular mass of the compound in Kilograms 
and R is the gas constant (8 314 J/K/mol) Vapor 
pressure of all VCI are given m Table 1 
Potentiodynamic Polarization Studies 
Potentiodynamic polarization studies were per 
formed using an EG&G PARC mode! 173' potentio 
S No 
1 
2 
3 
4 
5 
TABLE 1 
Vapor Pressure 
VCI 
MABT 
MABTC 
^'ABTN 
VABTM 
r.'ABTS 
Of VCI 
Vapor Pressure (Pa) 
1 8 7 x 1 0 ^ 
5 455X 10^ 
6 06x 10 ' 
7 3 5 x 10 ' 
4 60x 10 ^ 
H X O 
6-methoxy-aminobenzothiazole 
(MABT) 
Tnt ie n inie 
H,CO 
R = Cinnamic acid (MABTC) 
Nitrobenzoic acid (MABTN) 
Maleic acid (MABTM) 
Succinic acid (MABTS) 
FIGURE 1. Molecular structures of VCI. 
stat /galvanostat and X-Y recorder (model RE0089') 
The cell assembly consisted of mild steel as a work-
ing electrode, a platinum foil as counter electrode, 
and a saturated calomel electrode (SCE) as the refer-
ence electrode The metal specimens were weighed 
and suspended in a conical flask with tight-fitting 
rubber cork containing 50 mL 3% NaCl to maintain 
99% to 100% humidity by nylon tags, and jus t below 
these specimens weighed VCI samples were kept 
in an air thermostat set at 313 ± 5 K and 99% to 
100% relative humidity for 30 days to allow for 
continuous condensation of moisture on the metal 
specimen After 30 days, these specimens were taken 
out and their polarization curves were recorded by 
dipping them m 1 N sodium sulfate (Na^SO,) solution 
(electrolyte) '^  
RESULTS AND DISCUSSION 
Weight-Loss Studies 
Figure 1 shows the molecular structures of the 
synthesized VCI Table 2 shows the various corrosion 
parameters such as IE and corrosion rate (CRj ob 
tained from weight loss studies All VCI showed good 
inhibition efficiencies which may be attributed to the 
formation of a protective film on the metal surface by 
inhibitor molecules However the diiterence m their 
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TABLE 2 
Weight Loss Parameters 
Obtained from 1 000 ppm Concentration ofVCI 
at 313 K and 100% Humidity lor 30 days 
lor Mild Steel Brass and Copper 
TABLE 3 
Eschke Test Result'^ 
Inhibitor 
Concentration 
(ppm) 
Mild steel 
Blank 
MABT 
MABTC 
MABTN 
MABTM 
MABTS 
Brass 
Blank 
MABT 
MABTC 
MABTN 
MABTM 
MABTS 
Copper 
Blank 
MABT 
MABTC 
MABTN 
MABTM 
MABTS 
Weight 
Loss 
(mg) 
38 5 
0 8 
0 1 
0 3 
0 5 
0 7 
12 0 
0 4 
0 1 
0 2 
0 4 
0 3 
9 7 
1 0 
0 1 
0 3 
0 4 
0 5 
IE 
(%) 
— 
97 92 
99 74 
99 22 
98 70 
98 18 
— 
96 67 
98 33 
98 33 
96 67 
97 50 
— 
89 69 
98 97 
96 91 
95 88 
94 85 
CR 
(mmpy x 10 ') 
59 5 
1 24 
0 15 
0 46 
0 77 
1 08 
17 24 
0 56 
0 14 
0 29 
0 58 
0 43 
1317 
1 36 
0 14 
0 41 
0 54 
0 6 8 
TABLE 4 
Potentiodynamic Polarization 
Obtained from 1,000 ppm Concentration ofVCI 
at 313 K and 100% Humidity for 30 days 
for Mild Steel, Brass, and Copper 
Inhibitor 
Concentration 
(ppm) 
Mild steel 
Blank 
MABT 
MABTC 
MABTN 
MABTM 
MABTS 
Brass 
Blank 
MABT 
MABTC 
MABTN 
MABTM 
MABTS 
Copper 
Blank 
MABT 
MABTC 
MABTN 
MABTM 
MABTS 
Ec-, 
(mV) 
-562 
^ 4 2 
-375 
-396 
^ 1 0 
^ 2 6 
-360 
-270 
-222 
-260 
-280 
-236 
-190 
-150 
-112 
-98 
-100 
-165 
' c < M T 
(mAycm') 
0 25 
0 022 
0 008 
0 009 
0018 
0 020 
0 20 
0 026 
0010 
0 014 
0018 
0 024 
0 16 
0 024 
0012 
0014 
0018 
0 020 
IE 
(%) 
— 
91 20 
96 80 
96 40 
92 80 
92 00 
— 
67 00 
95 00 
93 00 
91 00 
88 00 
— 
85 00 
92 50 
91 25 
88 75 
87 50 
Metal VCl 
IE 
Co) 
CR 
(mmpy) 
Mild steel 
Brass 
Copper 
Conlrol 
MABT 
MABTC 
Control 
MABT 
MABTC 
Control 
MABT 
MABTC 
93 26 
96 63 
89 36 
93 62 
69 74 
93 59 
3 22 
0 22 
0 11 
1 35 
0 14 
0 08 
1 06 
C 11 
0 07 
inhibiting action can be explained on the basis of 
their molecular structure 
Corrosion inhibiting action of all investigated 
aminobenzothiazoles was at tnbuted to the presence 
of the amino group ;t electrons, and a lone pair of 
electrons present on N and S atoms of the ring 
which facilitate adsorption of inhibitor molecules on 
the metal surface In the present investigation 
cinnamate salts of 6 methoxy-ammobenzothiazole 
(MABTC) exhibited the best performance as corrosion 
inhibitors among all the studied compounds Good 
inhibition efficiency of MABTC can be explained due 
to the presence of an additional n bond between the 
carbon atoms (-C=C-), which further facilitates 
greater adsorption of cinnamate on the metal surface 
as compared to other inhibitors, thereby giving high 
inhibition efficiency '* The corrosion inhibiting action 
of the nitrobenzoates was at tnbuted to the presence 
of a nitro group, aromatic nng, and carboxylate an 
ion Better inhibitive action of maleate as compared 
to succinate was at tnbuted to the presence of a 
double bond between -C=C- atoms through which 
they adsorbed more strongly than succinate 
Eschke Test 
The values of inhibition efficiency and corrosion 
rate obtained from Eschke test in the presence and 
absence of vanous inhibitors are summarized m 
Table 3 
Potentiodynamic Polarization Studies 
The vanous electrochemical parameters such as 
conosion current density (!„„). corrosion potential 
(E„rr), and IE are given m Table 4 It is evident from 
the results that \„„ values of all inhibited mild steel 
coupons were lower than the uninhibited mild steel 
coupons The maximum decrease in I^ „^  \ a lue was 
seen with MABTC at 1,000 ppm concentration Fig 
ures 2 through 4 show the Tafel plots obtained from 
different inhibited coupons in the presence of 1 N 
Na2S04 electrolyte for mild steel brass and copper It 
IS clear from the ft «utes th U all the nihil itoib stud 
240 C O R R O S I O N — M A R C H 200: 
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C O r ^ ^ b i O M SI I L M C L : c r iOM 
-300 
2 
Q. 
-400 
-500 
-600 -
-700 
0 01 0 1 10 
Current Density (mA/cm^) 
W 
FIGURE 2. Potentiodynamic polarization curves lor mild steel 
inhibited with 1,000 ppm different methoxy ammobenzothiazole 
derivatives: (A) blank, (B) MABT, (C) tvlABTS, (D) MABTM, (E) 
MABTN, and (F) MABTC. 
-160 
^ - 2 6 0 
^ -360 
o 
Q. 
-460 
- 5 6 0 
0 01 0.1 1 0 10' 
Current Density (mA/cm^) 
FIGURE 3. Potentiodynamic polarization curves lor brass inhibited 
with 1,000 ppm different methoxy ammobenzothiazole derivatives. 
(A) blank, (B) MABT, (C) MABTS, (D) MABTM, (E) MABTN, and (F) 
MABTC 
led shifted the corrosion potential of all metals sig-
niflcantly to the noble direction, indicating that they 
are predominantly anodic inhibitors. 
Mechanism of Corrosion Inhibition 
Inhibition of metallic corrosion in the presence of 
VCI molecules involves vaporization of the inhibitor 
in a nondissociated molecular form, followed by hy-
drolysis of the salts into carboxylate anions (RCOO') 
and organic cations. Anions are adsorbed on the 
anodic site of the metal and Inhibit anodic reaction 
while organic cations are adsorbed on the cathodic 
site, thereby preventing cathodic reaction.'^ 
CONCLUSIONS 
•> All compounds showed good inhibition efficiency 
for all metals studied. 
• MABTC gave the best results among all studied 
compounds. 
• All inhibitors showed anodic behavior. 
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Development and Testing of All Organic Volatile 
Corrosion Inhibitors 
M.A. Quraishi and D. Jamal' 
ABSTRACT 
Fiuc new organic volalile corrosion inhibitors (VCD were syn-
tliesized using 1.6-diaminohexane with uarious acids such 
as cinnamic acid (CyHfii). nilrobenzoic acid (CrHiOiN). 
phthalic acid (C^H^J. rhaleic acid (C^H^OJ. and onhophos-
phoric acid (HjO,?). and their inhibiting action on corrosion 
of aluminum, zinc, and mild steel was evaluated by various 
standard methods. The electrochemical potentiodynamic 
polarization method was also used to understand the electro-
chemical nature q/" inhibitors. A(! investigated VCI exhibited 
very good inhibition efficiency (IE) for all the metals. 
KEY WORDS: ferrous and nonferrous meials. organic inhibi-
tors, poleniiodynamic polarization, relative humidity, volatile 
corrosion inhibitors 
INTRODUCTION 
The choice of a chemical compound as a volatile cor-
rosion inhibitor (VCD depends on its vapor pressure 
and efficacy to prevent corrosion by forming a protec-
tive film. There are numerous investigations on corro-
sion inhibition studies by aliphatic amines, alicyclic 
amines, and their salts as VCI for various industrial 
metals and alloys.' * Benzotriazole has been reported 
as an effective corrosion inhibitor for copper and its 
alloys.^'* Subramanian. et al.. studied the corrosion-
inhibilive performance of cyclohexylamine (CHA) salts 
and dicyclohexylamine (DCHA) salts on copper, mild 
Subiniiied U>r publication December 2000; in revised form. 
November 200 I. 
Corrosion Research Laboratory, Department of Applied Chemis-
lr>'. Faculty of Engineering and Teciinolog\'. AJigarh Muslim 
University. Atigarh-202002. India. 
steel, and zinc in sulfur dioxide (SO^) environments. ' 
DCHA exhibited 70.86. 85.15. and 91.81% inhibition 
efficiency (IE) in mild steel, copper, and zinc, respec-
tively. Morpholine and its derivatives such as 
morpholine borate, sorbate, succinate, azelate, 
sebarate. and thiophenolate were used as VCI by 
Vuorinen. et al., for mild steel.* Subramanian. et aJ.. 
recently studied the corrosion inhibition behavior of 
morpholine and its three salts morpholine carbonate, 
borate, and phosphate.° Of these, morpholine and its 
carbonate exhibited 90% and 85% IE. respectively, 
while other salts gave <40% IE. 
In the present study, the inhibiting properties of 
five organic VCI—diaminohexane cinnamate (DAHC) 
diaminohexane nitrobenzoaie (DAKN), 
diaminohexane phthaiate (DAMP), diaminohexane 
orthophosphate (DAHO). and diaminohexane maJeate 
(DAHM)—were studied on aluminum, zinc, and mild 
steel. No work has been reported on VCI derived from 
diaminohexane and organic acids. 
EXPERIMENTAL PROCEDURES 
Syntliesis of the Organic Compounds —Ail five 
organic VCI were synthesized by dissolving 1 mol 
1.6-diaminohexane and 2 mol organic acids in etha 
nol. The reaction mixture was stirred for 1.0 h at 
313 K. The precipitated compounds were filtered and 
crystallized from eihanol. The molecular structures 
of the compounds are given in Table 1. 
Test LUiUi Inhibitor Powder (Conical Flask 
Method! — Corrosion experiments were carried out 
according to the procedure reported in the literature 
using various ferrous and nonferrous metals. namel\ 
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T A B L E 1 
Names and Structural Formulas of VCI 
Structure Formula Designation and Abbrevidtion 
RHjNlCHjJeNH^R 
R = (v .)—CH=CHCOOH Diaminohexane cmnamale (DAHC) 
R= (. ^ — G O G H 
NOj 
COOH 
R = H3PO, 
R = HOjCCH = CHCO;H 
Diaminohexane nitrobenzoate 
(DAMN) 
Diaminohexane phthalale 
(DAHP) 
Diaminohexane onhophosphale 
(DAHO) 
Diaminohexane maleate 
(DAHM) 
aluminum, zmc, and mild steel '"The specimens 
(2 0 by 2 0 by 0 25 cm [0.787 by 0.787 by 0 098 in 1) 
were used for weight loss measurement studies 
Weight loss experiments were carried out in the pres-
ence and absence of inhibitors at various concentra-
tions ranging from 250 ppm to 1.000 ppm, using 
tight-fitting rubber cork 250-mL conical flasks con-
taining 25 mL of water. The concentrations of the in-
hibitors used for the study were taken according to 
the volume of the conical flask. The metal specimens 
were suspended in these bottles by nylon tags, and 
jus t below these specimens weighed VCI samples 
were kept in a glass container so as not to be in con 
lact with the liquid kept inside the conical flask A 
battery of conical flasks were kept in an air thermo-
stat set at 313 ± 5 K and 100% relative humidity 
during the day They were removed at night to allow 
condensation of moisture on the metal specimens 
The experiment was conducted for 30 days The cou 
pons were placed in an acid bath to remove oxides 
and then weighed 
Test with Inhibitor Coated Paper IBschke Test) — 
Corrosion tests also were earned out according to the 
procedure reported in the literature using aluminum 
and mild steel " Polished s tnps (5 0 by 2 0 by 0 25 cm 
(1 968 by 0 787 by 0 098 in ]) were wrapped in a 
single layer of inhibitor-impregnated kraft papers 
and suspended in a climatic cabinet mamtsuned at 
90% relative humidity One g/ft^ of vanous inhibitors 
x'.as used for the experiment The temperature cycle 
was set at 313 K lor 12 h and at room temperature 
I r uK n in t 
for another 12 h for moisture condensation The du 
ration of the test was 14 days A similar experiment 
was done with metals covered with untreated kraft 
paper (control). 
Potentiodynamic Polarization Studies — First test 
coupons were exposed to 100% relative humidity for 
30 days at 313 ± 5 K during the day and removed 
d u n n g the night to facilitate condensation of mois 
tu re on the metal surface After 30 days, the electro 
chemical tests were performed exposing a 1 0-cm' 
(0 394-in )^ area o[ the inhibited coupons in 1 N so 
dium sulfate (NajSOj) solution, which was used as 
the electrolyte,'^ using an EG&G Pnnceton Applied 
Research (PAR) model 173* potentiostat/galvanostat 
a model 175' universal programmer, and a model 
RE0089' x-y recorder 
A platinum foil was used as the auxiliary elec 
trode and a saturated calomel electrode served as 
reference Analyzed reagent-grade Na^SO^ (Merck') 
and doubled-distilled water were used for preparing 
test solutions of 1 N NajSOj for all expenments 
Determining Vapor Pressure of the Inhibitors —• A 
s tandard Knudsen method was used to determine 
the vapor pressure of the inhibitors '^  A weighed 
compound was placed in a glass container with an 
onfice of 1 0 mm diameter The glass container was 
then placed in an oven set at 313 K for 30 days 
Mass loss was measured by an electronic balance 
and the values were put into the following formula 
- W rZitOT'l 1/2 
n 
3 8 8 
\t \ M 1 
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TABLE 2 
VafMr Pressure of VCI 
Structure 
Vapor Pressure 
(mm/Hg) Compound 
5x lO-" 
3x 10 ' 
6x10-' 
5x 10' 
8x 10-" 
DAHC 
DAHN 
DAHP 
DAHO 
DAHM 
where p is the vapor pressure of the inhibitor in 
mm/Hg A is the area of the orifice in m^. t is time of 
exposure m s, W is the weight of the evaporated sub-
stance in kg T IS temperature in K M is the molecu 
lar mass of the compound in kg and R is the gas 
constant (8 314 J/K-mol) Values of the vapor pres-
sure obtained are given in Table 2 
RESULTS AND DISCUSSION 
Test with Inhibitor Powder 
(Conical Flask Method) 
The values of percentage inhibition efficiency 
(%IE) and corrosion rate (CR) obtained by weight 
loss methods a t different diaminohexane denvative 
concentrations at 313 ± 5 K are summarized in 
Table 3 The %IE was calculated using the followng 
equation 
%IE = ((W° - W) / W°| X 100 (2) 
where W^ and W are the weight loss in the absence 
and presence of inhibitors, respectively The CR was 
calculated using the following formula 
CR = K X W 
A x T x D 
(3) 
^^here K is a constant (8 76 x 10" mm/y) W is weight 
loss in g A is the area of the coupon in cm'. T is 
ume of exposure in h, and D is the density of metal 
in g/cm^ All VCI showed good IE which mav be 
attributed to the formation of a physical barrier 
between the metal and corrosive environment bv 
the interaction of metal and inhibitor molecules 
However, the difference in their inhibiting action 
( an be explained on the basis of their molecular 
sliuctuie 
Test With Inhibitor-Coated Paper (Eschke Test) 
'1 he graphical summary of the visual obseiA'a-
tions of the test is shown in Figure 1 It is seen that 
a large spread of results was obtained The values of 
"IE and CR for both the metals in the absence (<"on 
I ro)) and presence ot vanous inhibitors obtained from 
'lie lest are suirmarized in Table 4 
TABLE 3 
Weight Loss Parameters Obtained 
for Different Concentrations of VCI at313 ±5K 
and 100% Relative Humidity for 30 Days for Various Metals 
from Test Witti Inhibitor Powder (Conical Flask Method) 
Inhibitor 
Concentration 
Aluminum 
DAHC 
DAHN 
DAHP 
DAHO 
DAHM 
Zinc 
DAHC 
DAHN 
DAHP 
DAHO 
DAHM 
Mild Steel 
DAHC 
DAHN 
DAHP 
DAHO 
DAHM 
(ppm) 
500 
750 
1,000 
500 
750 
1,000 
500 
750 
1,000 
500 
750 
1,000 
500 
750 
1,000 
500 
750 
1,000 
500 
750 
1.000 
500 
750 
1,000 
500 
750 
1,000 
500 
750 
1,000 
500 
750 
1,000 
500 
750 
1,000 
500 
750 
1,000 
500 
750 
1 000 
500 
750 
1 000 
Weight 
Loss 
(mg) 
128 8 
31 78 
19 75 
11 49 
29 72 
22 92 
18 92 
14 35 
11 81 
9 85 
32 79 
25 74 
22 92 
39 44 
32 92 
27 10 
123 9 
2 65 
1 61 
0 89 
7 59 
7 28 
7 27 
7 59 
6 48 
5 56 
7 21 
5 18 
3 29 
6 85 
5 60 
5 57 
38 5 
4 55 
2 31 
1 02 
21 24 
15 64 
15 33 
5 26 
4 33 
3 54 
10 70 
9 96 
9 05 
6 57 
3 70 
2 57 
IE 
(%) 
75 32 
84 66 
91 08 
76 92 
82 20 
85 31 
88 86 
90 83 
92 35 
74 54 
60 01 
82 20 
69 38 
74 44 
78 96 
97 86 
98 70 
99 28 
93 87 
94 12 
94 13 
93 87 
94 77 
95 51 
94 18 
95 82 
97 34 
94 47 
95 48 
95 50 
88 18 
94 00 
97 35 
48 84 
59 38 
60 19 
86 33 
88 75 
90 81 
72 21 
74 11 
76 48 
82 96 
90 38 
93 33 
CR 
(mm/y X 10 ' ) 
199 37 
49 19 
30 57 
17 72 
46 00 
35 48 
29 28 
22 21 
18 28 
1525 
50 75 
39 84 
35 48 
61 05 
50 96 
41 95 
191 78 
4 10 
2 49 
1 37 
11 75 
11 27 
11 25 
11 75 
10 03 
8 60 
11 16 
8 02 
5 09 
10 06 
8 67 
8 62 
59 59 
7 04 
3 57 
1 58 
32 88 
24 21 
23 73 
8 14 
6 70 
5 48 
16 56 
1541 
14 00 
10 17 
5 73 
3 98 
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Aluminum (control) 
DAMP 
Mild steel (control) 
DAHC 
Condition of metal 
1 2 3 
V////////A 
y//////, 
4 5 6 
X/////. 
v:^ 
T A B L E 5 
Pctentiodynamic Polarization Parameters 
Obtained from VCI for Various Metals 
FIGURE 1. Visual observations of intiibiior impregnated kratt paper 
on ferrous and nonferrous metals, where the conditions of the metal 
were (1) no change, (2) slight dulling or less rellectivity or siight 
tarnishing, (3) dulling or tarnishing, (4) heavy tarnishing, (5) moderate 
corrosion, and (6) heavy corrosion 
T A B L E 4 
Weight Loss Parameters Obtained 
from Test With Inhibitor-Coated Paper (Eschke Test) 
Inhibitor 
Concentration 
IE 
(%) 
OR 
(mm/y xlO"^) 
Aluminum (control) 
DAHP 
Mild steel (control) 
DAHC 
83 33 
86 36 
11 58 
1 93 
3 65 
0 49 
Potentiodynamic Polarization Studies 
The various electrochemical parameters such as 
corrosion current density (I„rT). corrosion potential 
( E ^ , and IE are given in Table 5. Figures 2(a) 
through (c) show the Tafel plots obtained from differ-
ent inhibited coupons in the presence of 1 N Na^SO, 
electroljrte for aluminum, zinc, and mild steel. 
It is evident from the results that I„„ values of 
all inhibited coupons were lower than unmhibited 
coupons, showing that all the inhibitors were good 
VCI for all three metals studied. These results are in 
agreement with weight loss studies. 
DAHP for aluminum. DAHC for zinc, and DAHO 
for mild steel shifted E„„ toward a more negative 
direction, showing that these inhibitors were pre-
dominantly cathodic. £„„ values for DAHC, DAHP, 
and DAHM for the mild steel shifted toward a more 
positive direction, indicating that these compounds 
were predominantly anodic. The rest of the inhibitor-
metal f ompositions did not shift E„,„ values signifi-
cantly, indicating that these compounds were mixed 
inhibitors 
Mechanism of Intiibition 
Most VCI used are amine denvatives that release 
a free amine or its hydroxyl form upon hydrolysis or 
dissociation '•" The corrosion-inhibiting action of 
diaminohexanes is attributed to the presence of an 
ammo grovip and carboxylate anions In addition to 
Inhibitor 
Concentration 
(ppm) (mV) (pA/cm') 
IE 
(%) 
Aluminum 
DAHC 
DAHN 
DAHP 
DAHO 
DAHM 
Zinc 
DAHC 
DAHN 
DAHP 
DAHO 
DAHM 
Mild Steel 
DAHC 
DAHN 
DAHP 
DAHO 
DAHM 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
500 
-658 
-648 
-688 
-735 
-708 
-676 
-994 
-1,072 
-958 
-963 
-1,118 
-934 
-708 
-669 
-730 
-569 
-770 
-650 
0 56 
0 19 
0 14 
0 08 
0 20 
0 20 
0 27 
0 0093 
0 0275 
0019 
0017 
0 023 
0 25 
0 044 
015 
0 05 
0 097 
0 048 
— 
65 07 
75 00 
85 71 
64 28 
54 28 
— 
96 37 
89 81 
92 96 
93 70 
91 48 
83 07 
42 30 
80 77 
62 59 
81 54 
this. ;t-electrons and a lone pair of electrons present 
on the N atom of the aminohexane molecules also 
facilitate adsorption of inhibitor molecules onto the 
metal surface. In the present investigation, 
cinnamate salts of diaminohexane exhibited good 
performance as corrosion inhibitors because of the 
presence of an additional ir-bond between carbon 
atoms (-C=C-), which facilitated greater adsorption 
of cinnamates on the metal surface ' ' The corrosion-
inhibiting action of the nitrobenzoates was a t tnb j ted 
to the presence of a nitro group, aromatic nng, and 
carboxylate anion.'^ Inhibitive action of orthophos-
phate was attributed to the presence of ^-electrons, 
which facilitated the adsorption of inhibitor mol-
ecules onto the metal surface. Inhibitive action of 
maleate was at tnbuted to the presence of a double 
bond between -C=C- atoms through which they 
adsorbed strongly onto the surface of metaJs. All 
compounds showed very good IE for all three metals 
The VCI molecules studied in the present investi-
gation inhibited corrosion of metals m vanous ways' 
—by saturat ing the space with their vapors and 
reducing the relative humidity below the cntical 
value'^ 
—by alkalizing the medium to pH values at 
which the rate of corrosion became significantly low" 
—by producing a high ohmic resistance on the 
metal surface that reduced the corrosion current to a 
minimum value'* 
—by rendenng the metal surface hydrophobic, 
thereby preventing the reaction of metal \vith the 
environment'''' 
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FIGURE 2. Potentiodynamic polarization curves lor: (a) aluminum, (b) zinc, and (c) mild steel containing VCI. (A: Blank, 
B: DAHC, C: DAMN, D: DAMP, E: DAHO, and F: DAHM.) 
CONCLUSIONS 
•'•• All the organic VCI showed good IE for aluminum. 
zinc, and mild steel. 
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Development and 
Testing of New 
Volatile Corrosion 
Inhibitors for 
Multimetal Systems 
M.A. QURAISHI, D . JAMAL, AND V . BHAKDWAJ, Altgarh Muslim Unwerstt) 
n^^orgariic volatile corrosion inhibitors 
weri^^ynthesized using 1-(2-aminoethyl)-2-
^imi'dazoiine salicylic acid, nitrobenzoic acid, 
ft]ia]|^cjd/^ndj:innamic acid. They were evaluated as 
"jinhjbitpfs of aluminum, mild steel, brass, and 
^ ^ e i g h t IdssrEschke test, sodium chloride 
§cuj|^fionJest,-arid sulfur dioxide (SO2) test 
^ ^ ^ s ' e d / A I I ' o f the investigated VCIs exhibited 
Jnhjljljf.onleffjcien^ each metal. Cinnamate salt 
|shWe&Jtne"best result. .< 
m 
; orrobion ma^ be defined 
a-> the destruction or dete 
rioration of a metal caused 
b> reactions wiili its envi 
ronmen t ' Corrosion com 
1 monl\ occurs at metal sur 
fices m th t presence ot 
owgen and moisture and it in\ol\cs 
two electrochemical reactions 0 \ i da 
tion takes place at the anodic site and 
reduction occuii at the cathodic site 
In leidic medi i h% dro4en e\ olution le 
action predomma'es In a neutril mi 
dium, hov.e\er reduction of o \ \uei 
takes place 
Corrosion inhibitors reduce or \)\^ 
vent these reactions Inhibitors idsoii 
onto the metal surface and act b\ form 
mg a barrier to ox^'gen and moisture 
complexing w ith met il ions, or remo\ 
mg corrodants from tlie emironmen' 
borne inhibitors facilitate formation o' 
passivating film on the metal surface 
Volatile corrosion inhibitors (\'Cls) 
are used to protect metallic articles ant' 
equipment m an enclo-^ed atmosphere 
Tlie choice of a chemical compound as 
a vapor phase corrosion inhibitor de 
pends on its vapor pressure and effi 
ciencs' to pre\ ent corrosion b'S' forming 
a protective film 
Numerous corrosion inhibition stud 
les have utilized aliphatic amines 
alicyclic amines, and their salts as 
VCIs for vanous mdustnal metals and al 
leys ' ' Fatty acid amines have been 
shown to be more effective than cyclic 
amines and aromatic amines ' Rajago 
palan, et al ,* exarruned 1, 3-dtnitroben 
zene [C^jH/NO^),] with p-naphthol 
(Ci^H^OH) as a VCI in a sulfur dioxjde 
(SOj) and chloride atmosphere Sub 
ramaman, et al,'' studied the corrosion 
inhibit ive per formance of c^clo 
hexylamine (CHA) (C(,H,,NH^) salts 
and d icyclohexylamine (DCHA) 
[(CjH,|)2NH] salts on copper , mild 
steel, and zmc m an SO^ en\ironmcnt 
DCHA exhibited 70 86, 85 15 and 
91 81% inhibition efficicnc\ (IE) levels 
on mdd steel, copper and zinc, respee 
ti\cl) Subramanian et al " reeenth 
studied the corrosion inhibition beh n 
lor of morpholine (( ^I1„0\H) and Us 
thiee silts—moqiholine carbonate- bo 
rate a id phosph Ue ilts Of tht sc 
morpholine and its e i i bonne sa'l e \ 
hibited 90 and 83 t U respeeii\el\ 
w hile the other s ihs 14 u e <-iO% II 
Continuing their rceent work ) 
\ IMs " the auihois tested tlie inhibi 
mg ]:ii()perties ol lour oigtnie \ PK I 
(2 aminoeth\ l>2dee 9< UN 1 2 imi/ i/oliiie 
s!lle^l^le(\DlS) \\'l miinoeth\I>2<lt ^ 
9 enN' 2 mil/ i /ohne i itrobe 11/ ) u 
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VCI CORROSION TESTING PROCEDURES 
Test Method Arrangement Accelerating Agent Test Conditions 
( onic il tlisk 
mt,thod ' 
Eschke lest' 
SO test" 
Silt inoaihtion 
test' 
Met il spccimtii buspcndnl in 
250-mL conical nask cont uning 
5OO ppm of inhibitor 
Metal specimen wnppe6 m single 
la\erof inh bitor(l 1 msycm') 
impregnated Knft piper 
Metal specimens were placed 
inside 1 L glass containers containing 
weighed VCI 
Metal specimen with 10 to 12 
panicles of NnCI deposited 11 nndom 
to one side of metal surface wrapped 
withinhioitor(l 1 mg/cm^ 
impregnated Knft paper 
«gBWnuijik»iij<ii»mmwcmiiiuijHi iii—»mmi 
2~> ml of wIter + f,l)ctrin mixture to 
c'-eate90 » Rll 
25 mL of water + gh ccnn mixture to 
create 90% RH 
0 ^ g of sodium thiosulfate (Na^Sp, 5HjO) 
was placed inside the container containing 
1 N sulfunc acid (H^ SO^ ) 30-mL<apacm beaker 
containing 30 mL aqueous soluuon of salt 
(1% ammonium chloride INH^ CIj + 1% N1SO,) 
was also placed inside the container 
25 mL of water + glvcenn mLxture to 
create 90% RH 
•iO C 90 Rll for 12 h ind jt 
room itrnpcniurc fo, an< thtr 12 h 
test duruion = 0^ di\s 
40'C 90% RH for 12 h and it room 
tempenture for another 12 h test 
duniion = 14 di\s 
50'C 90% RH for 16 h and room 
tempenture for mother 8 h Test 
duration = 24 h 
40°C 90% RH for 12 h and at room 
temperature for another 12 h test 
duration = 14 days 
(ADIN), K2-aiiunoethyl>2-dec-9-enyl-2-
imizazoline phthalate (ADIP), and 1<2-
aminoethyl>2-dec-9-enyl-2-imizazohne 
cinnamate (ADIQ on aluminum, mild 
steel, brass, and copper 
Experimental Procedures 
MATERIALS 
Aluminum, mild steel, brass, and 
copper were used in the tests 
Sizes were 2 5 by 2 0 by 0 025 cm 
for the conical flask method and 5 0 
by 2 0 by 0 025 cm for the Eschke test, 
SOj test, and salt inoculation test 
CORROSION TESTING 
The VCls were tested using the pro-
cedures shown in Table 1 
Synthesis of the 
Organic Compounds 
1 (2 amxnoethyl)-2 dec-9 enyl-2-
imizazoline was synthesized according 
to the procedure repor ted by Pat 
tison " The salts were prepared by 
dissolving the equimolar fatty acid 
imidazoline and organic acids in etha-
nol (C H5OH) The reaction mixture 
was stirred for 1 h at 40°C The pre 
cipintcd compounds—M P°C (-VDIS = 
62 ADIN = 210 VDIP = 1 lO ADIC = 
S8) — \ \ t r c filtered and crysnllized 
(rom ctli ino! \11 cornpoiinds were 
piiriticcl bv cr^st lUi/Ttion md thtir 
WEIGHT-LOSS PARAMETERS OBTAINED FOR 500-PPM 
CONCENTRATION OF VCI AT 40 ± 1 K AND 90% RH FOR 20 DAYS 
FOR VARIOUS METALS 
System 
Aluminum 
ADIS 
ADIN 
ADIP 
ADIC 
Mild steel 
ADIS 
ADIN 
ADIP 
ADIC 
Brass 
ADIS 
ADIN 
ADIP 
ADIC 
Copper 
ADIS 
ADIN 
ADIP 
ADIC 
Weight Loss 
(mg) 
60 6 
114 
113 
110 
106 
34 5 
18 
15 
13 
12 
84 
22 
18 
1 2 
10 
57 
24 
I 8 
15 
1 2 
IE 
(%) 
_ 
81 19 
8136 
8185 
82 51 
94 87 
95 75 
96 23 
96 62 
73 18 
78 77 
8603 
88 26 
_ 
58 62 
68 96 
74 13 
79 31 
Corrosion Rate 
(mmpy x lO^') 
40 9 
7 69 
7 62 
7 42 
7 15 
8 00 
0 42 
0 35 
0 30 
0 28 
1-9 
0 47 
0 38 
0 25 
021 
1 16 
0 19 
0 36 
O3O 
0 24 
purity was confirmed by thin la)er pound was placed in a ghss cont uncr 
chromatography having a 1 mm diameter orifice The 
glass container was then p h c t d in in 
\apor Ptessiire DetcrntDuition o \ e n s e t a t lO ± l°f t n r 2 0 d i \ s loss 
A standard Knudscn mtthod'' ' v. is in mass wis mcisured by in electronic 
used to cittermmc iht vipor pressure bilancc and the v iliits w t r t (nit into 
ot the inhibitors iii, \\ called com rc i in t ion( l ) 
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CR = K x W 
A X T X D (3 ) 
FIGURE 2 
where K is a constant (8.76 x lO' for 
mmpy), W is weight loss in gm, A is 
the area of the coupon in cm^ T is time 
of exposure in hours, and D is densit)' 
of the metal in gm/cm'. 
All VCIs have shown good IE, which 
may be attributed to the formation of a 
physical barrier between the metal and 
corrosive environment by the interac-
tion of metal and inhibitor molecules. 
The corrosion-inhibiting action of the 
VCIs stems from the presence of a lone 
pair of electrons present on the N at-
oms of the inhibitor molecules. The 
electrons facilitate adsorption of these 
inhibitors onto the metal surface. In 
the present investigation, cinnamate 
salt (ADIC) exhibited the highest IE for 
all of the metals. It gave 82.5, 96.6, 
88.3, and 79.3% for aluminum, mild 
steel, brass, and copper, respectively. 
High IE of ADIC may be attributed to 
the presence of an additional -rr-bond 
between C = C that further facilitates 
greater adsorption of ADIC on the 
metal surface, 
ESCHKE TEST 
Table 3 represents the summary of 
the visual observations of the test. A 
large spread of results was obtained. 
Figure 1 graphically represents all of 
the metals with respect to CR in the 
absence (control) and presem^'c of 
ADIC. 
SO^ TEST 
Figure 2 shows the result obtained 
in the presence of SO,. The CR values 
were reduced considerably in the in-
liibited metal specimens. Table 3 pre-
sents a summar}' of the visual obser\-a-
tions of the test. Corrosion of all the 
metals was reduced considerably in the 
presence of ADIC, 
Salt-Inoculation Test 
|-igui-c 3 ilkistralcs the rcsuU ob-
laiiictl when ilic metals arc inoculated 
Willi sotliiiiii chloride (NaCT) in tlie alv 
.^I'^r^^A:..; 
. . . • ' * • • . * • 1 0 
X 
• > > 
a E 
E 
o 
'.•j'-~i.1..T?,- v 
M ADIC MS ADIC B 
0 SO2 Test 
r ADIC " iCu ADICj§i;:^/*.:vU-
CR of different metals in the absence and presence of ADIC in SOj environment for 24-h test 
duration. 
sence (control) and presence of ADIC. 
Table 3 summarizes the visual obser-
vations of the test. The authors also 
visviTkWy obser>'et!i I'fA'i, in the c?i5e of 
inhibited samples, the extent of corro-
sion around the salt nuclei was re-
stricted and further spreading of the 
corrosion was arrested to a consider-
able extent. 
MECIL\N1S.M OF 
CORROSION LNHIBITION 
Inhibition of metallic corrosion in 
the presence of l-(2-aminoethyl)-2-dec-
9-enyl-2-imiza7.oline salts involves va-
porization of the inhibitors in a non-
dissociated molecular form, followed 
l)\' lu'drolysis of the ,<ali,s into caiiiox}'-
latc anions (1 \ ( ;00) and or.uanic cat-
ions {RCX)N1 iNl i ,"i .-Xnioiis arc ad-
sorbed on the anodic site of the metal 
and inhibit anodic reaction while or-
ganic cations are adsorbed on the ca-
t h o l i c sit'ic, theieby piever.'iirig ca-
thodic reaction," 
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(control) 
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Eschke Test 
Hcjv\ cliill/iig t.rnnli uliiic iiirfjcc 
Shi,ht duUuig 
Moderate to llea\•^  rusting 
SOj Test 
Slij,ht dulling 
\ o effect bni,ht surface 
Se\ereh rusted all o\er 
the surlace 
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Modcrjte corrosion jroiind ill nuclei lieasi 
dtilhni. 
Corrosion conlined to nuclei sUghl duUmg 
Entire surface covered with patches of 
brov.nish red spots 
ADIC One to two rusted spots No rusting bnght surface 
Brass 
(control) 
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(oppcr 
(control) 
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Slight tarnishing 
Modcritc t()-hcav\ tirnishmg 
Slight tarnishing 
Moderate to-heai-) 
tirnishing 
Slight tirnishing 
He i\\ I irnishing 
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rJi •.! iuh*'^i-
Corrosion restricted to nuclei rest of the surface 
bnght and unattacked 
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nVt' 
Al ADIC MS ADIC Br ADIC 
Eschke Test 
Cu ADIC 
(1) 
Results of Eschke test OR for aluminum mild steel brass and copper in the absence and presence 
of ADIC at 40 + 1 °C and 90% relative humidity CRH) for 14 day test duration di ty( 
where p = vapor pressure of the inhibi-
tor in mm Hg, A = area of the onfice in 
m ,^ t = time of exposure m seconds, W 
= weight of evaporated substance in 
kg, T = temperature m K, M = molecu-
lar mass of the compound in kg, and R 
= gas constant (8 314 J K ' mol ') The 
following vapor pressures in mm Hg 
were determined 
• ADIS—91 Ox 10^ 
• ADIN—69 0 x 1 0 " 
• ADIP—15 8 x 10" 
• ADIC—13 6 x 1 0 ^ 
Results and Discussion 
CONICAL FLASK METHOD 
Table 2 summarizes the values of 
percentage inhibition efficiency (%1E) 
and corrosion rate (CR) obtained by 
weight loss methods at 500 ppm con 
centration of VCls for different met.ils 
at 40 ± 1°C The %1E was calculated 
using Equation (2) 
' / IE = [(CR°-CR)/CR°] X 100 (2) 
where CR° and CR .irc tlie coriOMOn 
rates m the absence and presence of 
inhibitors respectively The corrosion 
rate was calculated using Lcjuation (3) 
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Prevention of Metallic Corrosion by Laurie Hydrazide 
and Its Salts Under Vapor Phase Conditions 
M-A-Quraishi", V. Bhard^\aj, and ). Rawat i 
Corrosion RpsfMr(.li Llboridory, OcparLment of Applied ChciH.strv, F,-,ruity oi engineering i f(iCl|lnolog/, 
Aligarh Muslim Lnivurjiiy^ Alij.-'.-T-JJiOO:!, India 
ABSTRACT: Six organii, volatile corrosion inhibitors (VCI) 
were synthesized using (auric hydraiida svith various acids such 
as cinnamic acid, succinic acid, nilroberizoic acid, phthalic 
acid, and maieic add and evaluated as corrosion inhibitors ot 
mild steel, copper, brass, zinc, and aluminium by weight loss 
and poter.tiodynamic polarization methods. All the investigated 
VCI exhibited good inhibition efriciency for all the metals 
tested. The inhibition efficiency of all compounds increased as 
the inhibitor (oncentration increased. Laurie hydrazide cinna-
mate.showed he best results among all compounds studied. In 
addition, all inhibitors showed anodic behavior Adsorption 
Studies demor.stritf^d that all the investigated compounds fol-
lowed Temkin's adsorption isotherm. 
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Corrosion ib defined as the destrucii'.'i! v. Jsceiinration ot met-
als by chemic:i! means in environmc.-it;, to wlil.--, •. ey are ex-
posed (1). CoiTosion causci enormous economiL iui--c.- In the 
United States, the economic lo.sses have been estimated as 
high a<; S270 billion per year. Corrosion of iiKtal surfaces 
commonly occurs in the presence of oxygen and moisture and 
involves electrochemical reactions. O.xidation takes place at 
anodic site. and reductioit occurs at cathodic sites, l.n an acidic 
medium, a hydrogen evolution reaction predominates, 
whereas in a neutral medium, reduction of oxygen takes place. 
Corrosion inhibitors reduce or prevent these reactions. 
They are ad.sorbcd onto tlie metal surface and act by forming 
a barrier to oxygen and moisture, by complexing with metal 
ions or by removing corrodants from the environment. Some 
of the inhibitors facilitate formation of a passivating film on 
the metal surface. 
Volatile corrosion inhibitors are used to protect metallic ar-
ticles and equipment in an enclosed atmosphere (2). The 
choice of a chemicnl compound a"; a vapor pha^e corrosion in-
hibitor (VCI) depends on its vapor pressure as well as its effi-
ciency in preventing corrosion by forming a protective film. 
Numerouis invcsiig.itlons of corrosion inhibition have utilized 
aliphatic amines, alicyclic amines and their salts as VCT fi.;r 
variou'^ industrial metals and alloys (3-5). l-A amines were 
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rled out using vanou.s ferrous anc nonfeiious meta'.s, i , ; 
mild steel, brass, copper, aluminian, and zinc. Specimens ct 
size 2.C X 2.0 x 0.025 cm were usee for weight loss measuie-
ment studies. Weight loss cxperlmenis were carried out in the 
presence and absence of inhibitors at concentrations ranging 
from 250-1000 ppm, using tight-iuting rubber-corked jdri 
containing 25 luL of water. Conccitrations of the inhibitors 
were taken according to the volume ot the jar. Metal speci-
mens were suspended in these bottks with nylon tags and ju^" 
below these specimens, weighed VCI samples were kept m a 
glass container, to avoid contact with the liquid kept insiLc 
tlie jar, at a temperature of 35 ± l ' 'Gtor30 d. Relative hun-.i.--
ity was kept at 100% to allow coitinuous condcnsf.iion o:' 
nioi<;ture on the metal specimen. 
Syithesis of inhibitor.'; LH wa^ bynthesized according lu 
the procedure reported in the hteraibre (11), and the sa'.ts v,c:-
prcpdred by dissolving equimolur ttmounts of LH and orgjn.^ 
acids in cLhanol, The leaction mixture was stmed for 'i .0 1-..-; 
40^0, and the precipitated compoutids were filtered and crys-
tallized from eth.anoL Melting puicJti (In "C) of the salts w^r^ 
as follows; LH = 85, LHC = 120, LHNB = 130, Llfl' - 1?,^  
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LliM =^113, and LHS = 140. Names and molecular structures 
o}' , ,^ compounds arc prcienteJ in Tuble 1. 
Potcruiodynarnic polarization studies. For j-otcnuudy-
namic potarization Studies, metat strips without inhibitor and 
those with a 500 ppm concentration ot inhibitor were embed-
ded in araldite (a fixing material, made up of epoxy resin; 
Aldrich Chemical Co., St Louis, MO) with an exposed area 
of 1.0 cm". Potentiodynamic polari2ation studies were car-
ried out at a constant temperature of 28 ± 2''C according to 
ASTM methods G 3-74 and G 5-87 (12) using apotentio-
stat/galvanostat (model 173; EG&G, Gaiihersburg, MD), a 
univers<il programmer (model 175. EG&G), and an X-Y 
recorder (mode) RE 0089; EG&G). A platinum foil was used 
as the auxiliary electrode and a saturated calomel electrode 
served as reference. Analyzed reagent-grade sodium sulphate 
(N'a^SO^) (Merck) and double-di;,iilled water were used for 
pteparing tcif solutions of J N Ns^SO^ for aU expenmeiics, 
which were used a.sdcctrolyte solutions 
E^chke test. Corrosion tests also were carried out accord-
ing to the procedure reported in the literature (13) u.sing mild 
steel, brass, copper, aiutuiniutn, and zinc Polished strips of 
size 5 0 X 2.0 X 0.25 cm were wrapped in a single layer of in-
hibitor-impregnated kraft papei and suspended in a climatic 
cabinet maintained at 90% relative humidity. One g/lV of 
each inhibitor was used for the experiment. The temperature 
cycle was 5:et ;ii 40''C for 12 h and al room temperature for 
another 12 h for condensation of the mo)<;turc The duration 
of the test w.is 10 d. A .similar e^peiiment was done with met-
als covered with untreated kraft papei' (control). 
Deitninnannn of vapor pressure of the inhibitors. The 
wciL/hcd compound was placed in a glass container with a 
hole ot I 0 mm in diameter The girss container was then 
claced in .in oven sct at 35°C for .^ 0 d. Loss in mass was mea-
sured, and ilie values were subsliiu^d into the toiTnula ^iven 
below (14). 
At I A/ 
1/2 
J [1] 
where p = vapor pressure of the inh 
in m'^ , t = time in seconds, W = m 
temperature in Kelvin, M - molccu 
and R = gas conilant (8.314 J K"' 
pressures obtained are given in Tab 
RESULTS AND DISCUSSION 
bitor, A = area of the hole 
s& loss in kilogram.s, 7"=* 
ar mass of the compound, 
ijior ' . Values of the vapor 
e l . 
Weight loss meauirements. The values of IE values and cor-
rosion rates obtained by weight l o ^ methods at different LH 
salt concentrations at 35 ± l^C arc tummarized in Table 2. IE 
anJ suriace coverafie (6) were calcfilatcd using the following 
equation.s: 
%IE .[[w°-w)/\i° xlOO 
9 - W ^~w]/\v'>] 
[2] 
15] 
where 11^ ° and Ware tiie weight 'ois in the absence and pres-
ence of inhibitors, respectively. Table 2 indicates the increase 
in IE with increasing inhibitor concentration. The'lH wa.s ob-
tained at l.OOO ppm. .-^ 11 VCI .showed good IE, which may be 
attributed to the formation of a phvsical barrier betv.ecn the 
metal and corrosive environment by the interaction ot metal 
and inhibitor molecules. Howe\cr the difference in their in-
hibiting action can be explained by their molecular structure 
The corrosion-inhsbirin? nctiorj of LH is attributed to the 
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presence of a lone pair of electrons present on the N atom of 
the molecule that facilitaies adsorption of inhibitor molecules 
onto the metal surface. In the present investigation, the LHC 
salt exhibited good performance as a corro.sion inhibitor owing 
to the presence of an additional 7t-bond between carbon atoms 
(-C=C-) which facilitates greater adsorption of clnnamate onto 
the met?! surface '..ei-by giving high IE (16). The corrosion-
inhibiting actiot. of theLIINB is attributed to the presence of a 
niiro group. LHP showed better IE than the the LHM or LHS 
salti owing lo Ihe presence of an additional aromatic ring in the 
molecule. The inhibitivc action of LHM is attributed to the 
presence of a double bond between the -C=C- atoms through 
which they adsorb strongly onto the surface of metals. 
The degree of surface coverage (0) for different inhibitor 
concentrations has been evaluated from weight loss values. The 
data were tested graphically by lilting to various isothemis. A 
straight line was obtained on plotting G vs. log C (Figs. 1A-E), 
suggesting that tlie adsorptic... i..rLH salLs onlo Ihe Jiietal sur-
face occurred according to Temkin's adsorption i.^othenn. 
Eschke test. Visual observations of the metai •;[ ecimcns of 
thi.s te.st arc summarized in Table 3. The IE values and corro-
sion rates obtained 'n the presence and absence of various in-
hibirors are also sun" Trized in Table 3. 
PotentiodynamK yolarizatior^ studies. Poteiitiodynamic 
polarizatior studies v.'ere carried out bv immersing metal 
coupons .Ti.J inhibited coupons in a 1 NNa^SO^ soluLion. The 
corrusior. ^ f^u-ameters, such as corrosion current density (/(.„„.). 
corrosion potential (E^^^r)^ ^nd percentage of IE (% IE) ob-
tained from the potentiodynamic polarization curves are 
Hi\cn in Table 2. The /. , value v.'aj fo'jnd to dccrci'.ic siynif-
^the 
icantly in the presence of the i 
compounds were effeedvc corrosion 
compounds shifted ilie E^^^ in a mofe 
gcsting thai ihey werepredominan 
ures 2A-E .show the Tafcl ploLs 
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Mechanism of corrosion inhibitim. 
corro.sion in the presence of LH salti 
the inhibitor in a nondissociated mo 
hydrolysis of the salts into carboxy 
organic cations (RCONHNH3"") 
the anodic site of the metal and 
whereas organic cations arc adsorb 
ihereDy preventing catliodic reaction 
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TABLE 2 
Weight Loss Parameiers and Electrochtmical Parameters Obtained from Differerit Vapur 
and 100% Humidity for 30 d for Mild Steel, Prais, Copper, Aluminium, and Zinc' 
Phase Corrosion Inhibitor Cunccnlraiions at 40° 
J th t lo5' ''' 
inhib i tor 
concenirHt ion 
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5,93 
0.557 
0.279 
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2.94 
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1.70 
1.72 
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0.201 
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0.043 
0.201 
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0.287 
0.244 
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0.259 
0.172 
0.129 
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0.273 
0.172 
1.317 
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0.054 
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1,000 
LHM 
250 
750 
1,000 
LHS 
250 
750 
1,000 
Aluininum 
Blank 
WeiglK loss 
2.S 
1.3 
0.8 
3.0 
1.1' 
- 1 
.0 
1.6 
60.6 
Weight loss studies LlHC.trorhen-;r.ai 
IE 
71.13 
h ' :• ] 
B7.tiJ 
f.4.'J.1 
79.3)! 
83.51 
innnpy X 10"^) 
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0.8 
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93.89 
96.37 
82,26 
93.03 
95.94 
94,30 
97.21 
96.10 
92.52 
95,10 
96.20 
91.60 
93.36 
95.56 
91.25 
92.65 
93,03 
86,4-1 
^0,87 
93 16 
3.51 
1.115 
1.58 
1.71 
0.631 
0.360 
1.89 
0.81 
0.S41 
2.61 
1.35 
0.721 
2.88 
1.80 
0,946 
3.15 
1.67 
0,991 
134.64 
2.39 
C139 
0.5'16 
0.768 
0.375 
0.256 
1.01 
0.648 
0,512 
1.09 
0,956 
0.597 
1.18 
0.990 
0.931 
1.83 
'1,23 
0 921 
- 6 4 0 
- 6 3 0 
- 6 5 4 
-610 
-600 
-295 
- 6 4 6 
-638 
-648 
-6S0 
-(.46 
-640 
-650 
-640 
-628 
-666 
-642 
-510 
-708 
-680 
-fj76 
-682 
- 6 4 0 
-632 
-616 
- 6 4 0 
-638 
-666 
- 650 
- 6 4 0 
-6SS 
- 6 7 i 
-67D 
-f.ao 
-660 
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INHIBITION OF METALLIC CORROSION BY SOME 2-CINNAMYL 
IMIDAZOLINE SALTS UNDER VAPOR PHASE CONDITIONS 
M. A. Quraishi, V. Bhardwaj 
Corrosion Research Laboratory, Department of Applied Chemistry 
Faculty of Engineering &. Technology, Aligarh Muslim University 
Aligarh-202002, India 
ABSTRACT 
Four organic volatile corrosion inhibitors (VCIs) were synthesized using 2-cinnamyl 
imidazoline with various acids such as salicylic acid, maleic acid, nitrobenzoic acid and phthalic acid 
and evaluated as corrosion inhibitors of mild steel, brass and copper by weight loss method. Eschke test 
method, sodium chloride inoculation test method and sulfur dioxide (SO2) test method were also carried 
out to investigate the corrosion inhibiting effect of the compounds. All the investigated VCIs exhibited 
good inhibition efficiency (IE) for all the metals. Phthalate salt showed best result among all studied 
compounds for all the metals. 
Keywords: Eschke test, ferrous and non-ferrous metals, imidazoline salts, salt inoculation test, sulfur 
dioxide test, volatile corrosion inhibitor 
INTRODUCTION 
The volatile corrosion inhibitors are used to protect metallic articles and equipments in enclosed 
atmosphere '. The choice of a chemical compound as a vapor phase corrosion inhibitor (VCI) depends 
on its vapor pressure and efficiency to prevent corrosion by forming a protective film. There are 
numerous investigations on corrosion inhibition studies utilizing aliphatic amines, alicyclic amines and 
their salts as VCIs for various industrial metals and alloys " . Fatty acid amines are more effective than 
cyclic amines and aromatic amines . 1, 3-Dinitrobenzene with P-Naphthol was examined as VCI in SO2 
and chloride atmosphere by Rajagopalan, et al., . Subramanian, et al., ^ studied corrosion inhibitive 
perfonnance of cyclohexylamine (CHA) salts and dicyclohexylamine (DCHA) salts on copper, mild 
steel and zinc in SO2 environment. DCHA exhibited 70.86, 85.15 and 91.81% inhibition efficiency (IHj 
in mild steel, copper and zinc respectively. Subramanian, et al.^  has recently studied the corrosion 
inhibition behavior of morpholine and its three salts such as morpholine carbonate, borate and phosphate 
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salts. Of these, morpholine and its carbonate salt exhibited 90% and 85% IE, respectively, while the 
other salts gave less than 40% IE. 
Q g 
Continuing our recent work ' on vapor phase corrosion inhibitors, we report here the inhibiting 
properties of four organic vapor phase inhibitors (VCIs) namely, 2-cinnamyl imidazoline salicylate 
(CIS), 2-cinnamyl imidazoline maleate (CIM), 2-cinnamyl imidazoline nitrobenzoate (CIN) 
and 2-cinnamyl imidazoline phthalate (CIP) on mild steel, brass and copper. 
EXPERIMENTAL 
Synthesis of the organic compounds 
2-cinnamyl imidazoline was synthesized according to the procedure reported in the literature'^ 
and the salts were prepared by dissolving equimolar fatty acid imidazoline and organic acids in ethanol. 
The reaction mixture was stirred for 1.0 hour at 40 °C. The precipitated compounds were filtered and 
crystallized from ethanol. M.P°C (CIS=62, CIM=95, CIN=1I5, CIP=98). All compounds were purified 
by crystallization and their purity was confirmed by thin layer chromatography. Name and molecular 
structure of the compounds are presented in Table 1. 
Weight loss measurements 
Corrosion experiments were carried out according to the procedure reported in the literature" 
using various ferrous and non-ferrous metals viz. mild steel, brass and copper. The specimens of size 2.5 
cm X 2.0 cm X 0.025 cm (0.984 in. X 0.787 in. X 0.0098 in.) were used for weight loss measurement 
studies. Weight loss experiments were carried out in the presence and absence of inhibitors at a fix 
concentration of 500 ppm, using tight fitting rubber cork 250mL conical flasks containing 25mL of 
water-glycerin mixture to produce 90% relative humidity. The concentration of the inhibitors used for 
the study was taken according to the volume of the conical flask. The metal specimen were suspended in 
these bottles by nylon tags and just below these specimens weighed VCIs samples were kept in a glass 
container as not to be in contact with the liquid kept inside the conical flask. A battery of conical flasks 
were kept in an air thermostat set at temperature 40±1°C and 90 % relative humidity during the day and 
were removed at night to allow condensation of moisture on metal specimen. The experiment was 
conducted for 20 days. The coupons were placed in inhibited acid bath to remove corrosion products 
then weighed. 
Eschke Test 
Eschke test was carried out as per procedure reported in the literature using vanous metals 
strips of size 5.0 cm X 2.0 cm x 0.025cm (1.968 in. X 0.787 in. X 0.0098 in.) were wrapped in single 
layer of inhibitor impregnated Kraft papers and suspended in climatic cabinet maintained at 90% reladve 
humidity. 1 gm/ft.^  of various inhibitors were used for the experiment. The temperature cycle was set at 
40±1°C for 12 hours and at room temperature for another 12 hours for condensation of the moisture. The 
duration of the test was 14 days. A similar experiment was done with metals covered with untreated 
Kraft paper (control). 
Sulfur dioxide (SO2) tesl'^ 
Clean and dry metal specimens 5.0 cm X 2.0 cm X 0.25cm (1.968 in. x 0.787 in. x 0.098 in.) 
were placed inside one-liter glass container. Weighed VCI compound was kept inside the container. A 
small beaker containing 0.04 g of sodium thiosulphate was placed inside the container. 50-ml capacity 
beaker containing 30-ml. aqueous solution of salt (1% NH4 CI + 1% Na2S04) was placed inside the 
container. 0.5 ml of IN sulfuric acid was directly added to the beaker containing sodium thiosulphate 
and the glass container was immediately sealed. The glass container was placed in an oven set at 40±1 C 
for the duration of 16 hours and at I O C for another 8 hours. A similar experiment was done with the 
one-liter glass container in absence of VCI compound (control). 
()3365\2 
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Salt inoculation lest 
0.1 g of sodium chloride was placed in 200 ml carbon tetrachloride and the whole solution uas 
stirred by a magnetic stiixer. The metal specimen 5.0 cm X 2.0 cm X 0.25cm (1.96S in. X 0 787 in X 
0.098 in.) was introduced in the stirred solution for 3-4 seconds and taken out when approximate!) 10-
12 particles of salt were deposited at random on each side of metal surface. One side of the metal surface 
was cleaned off the salt particles and the whole metal surface was wrapped in single layer of inhibitor 
impregnated Kraft papers and suspended in climatic cabinet maintained at 90% relative humidity. 1 
grri/ft. of various inhibitors were used for the experiment. The temperature cycle was set at 40±1°C for 
12 hours and at room temperature for another 12 hours for condensation of the moisture. The duration of 
the test was 14 days. A similar experimient was done with metals covered with untreated Kraft paper 
(control). 
Vapor pressure determination 
A standard Knudsen method '•* was used to determine the vapor pressure of the inhibitors. 
Weighed compound was placed in a glass container having an orifice of 1.0 mm diameter. The glass 
container was then placed in an oven set at 40±1°C for 20 days. Loss in mass was measured by an 
electronic balance and the values were put into the formula given below: 
W 2 n R T '^ 
P= x ( - - ) 
At M 
where, p = vapor pressure of the inhibitor in mm Hg, A = area of the orifice in m^, t = time of exposure 
in second, W = weight of evaporated substance in kilogram, T = temperature in Kelvin , M = molecular 
mass of the compound in kilogram and R = gas constant (8.314 J K"' mol"'). Values of the vapor 
pressure obtained are given in Table 2. 
RESULTS AND DISCUSSION 
Weight loss measurement 
The values of percentage inhibition efficiency (%IE) and corrosion rate (CR) obtained by weight 
loss methods at 500 ppm concentration of VCIs for different metals at 40±1°C are summarized in Table 
3. The %IE was calculated using the following equation: 
%IE= [(CR°-CR)/ CR°] xlOO 
where CR° and CR are the corrosion rate in the absence and presence of inhibitors, respectively. The 
corrosion rate was calculated using the following formula: 
Kx W 
CR= - -
A x T x D 
where K is a constant (8.76 x 10'' for mmpy, millimeters per year), W is weight loss in g , A is area of 
the coupon in cm^, T is time of exposure in hour and D is density of metal in gm/cm^ 
All VCIs have shown good IE, which may be attributed to the formation of a physical barr.er 
between metal and corrosive environment by the interaction of metal and inhibitor molecules. Tlic 
corrosion inhibiting action of the volatile corrosion inhibitors is attributed to the presence of lone pair n: 
electrons present on the N atoms of the inhibitor molecules, which facilitate adsorption of thc^c 
0V,6S\-, 
4n 
inhibuors onto ihe metal surface. Phthalate salt exhibited highest IE for all the metals. It gave 95.77o, 
86.08% and 93.1% for mild steel, brass and copper respectively. 
Eschke Test 
The summary of the visual observations of the test is represented in Table 4. It is seen that a 
large spread of results were obtained. The graphical representation of all the metals with respect to CR 
in the absence (control) and presence of CIP is shown in Fig. 1. 
SO2 Test 
The result obtained in the presence of sulfur dioxide is shown in Fig. 2. It is seen that values of 
CR was reduced considerably in the inhibited metal specimens. The summary of the visual observations 
of the test is represented in Table 4. Corrosion of all the metals was reduced considerably in the 
presence of CIP. 
Salt inoculation test 
The result obtained when the metals are inoculated with sodium chloride in absence (control) and 
presence of CEP is shown in Fig. 3. The summary of the visual observations of the test is shown in Table 
4. It is also observed visually that in the case of inhibited samples the extent of corrosion around the salt 
nuclei is restricted and further spreading of the rust was arrested to a considerable extent. 
MECHANISM OF CORROSION INHIBITION 
Inhibition of metallic corrosion in presence of 2-cinnamyl imidazoline salts involves 
vaporization of the inhibitoi^ in a non-dissociated molecular form, followed by hydrolysis of the salts 
into carboxylate anions (RCOO') and organic cations (RCONHNHa" )^. Anions are adsorbed on the 
anodic site of the metal and inhibit anodic reaction while organic cations are adsorbed on cathodic side 
thereby preventing cathodic reaction '**. Corrosion inhibiting action of the imidazoline is attributed to the 
presence of Tr-electrons and lone pair of electrons present on N atoms of the imidazoline molecule, 
which facilitate adsorption of inhibitor molecules onto the metal surface. 
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TABLE-l 
MOLECULAR STRUCTURES OE VCIs 
1. 
3. 
V 
R= <( V-COOH 
OH 
2-cinnamyl imidazoline 
salicylate (CIS) 
R = (. y)—COOH 
NO2 
2-cinnamyl imidazoline 
nitrobenzoate (CIN) 
M ji 
N ' ^ C H 
1 HR 
= C H -
2. 
4. 
"CgHs 
R= H02CCH = CHC02H 
2-cinnamyl imidazoline 
maleate (CIM) 
Rr: <A^  ^—COOH 
COOH 
2-cinnamyl imidazoline 
phthalate (CIP) 
OV-^f.S r, 
4 1 4 
'TABLE-2 
VAPOR PRESSURE OF VCIs 
S. No. 
1. 
2. 
3. 
4. 
Vapor Pressure (mmHg) 
84 X 10'^ 
22.2 X 10"^ 
10.2x 10"^ 
I0.5x 1 0 ^ 
Compounds 
CIS 
CIM 
CIN 
CIP 
TABLE-3 
WEIGHT LOSS PARAMETERS OBTAINED FOR 500 PPM 
CONCENTRATION OF VCIs AT 40±1 ° C AND 90% RELATIVE 
HUMIDITY FOR 20 DAYS FOR VARIOUS METALS. 
System 
Mild Steel 
CIS 
CIM 
CIN 
CIP 
Brass 
CIS 
CIM 
CIN 
CIP 
Copper 
CIS 
CIM 
CIN 
CIP 
Weight loss 
(mg) 
34.5 
2.8 
2.3 
1.9 
1.5 
8.4 
2.4 
1.7 
1.5 
1.2 
5.7 
1.3 
0.9 
0.6 
0.4 
E 
(%) 
-
92.00 
93.37 
94.50 
95.75 
_ 
71.50 
79.88 
82.68 
86.03 
-
77.58 
84.48 
89.65 
93.10 
Corrosion rate 
(mmpy xlO"^) 
8.00 
0.65 
0.53 
0.44 
0.35 
1.79 
0.51 
0.36 
0.32 
0.25 
1.16 
0.26 
0.18 
0.12 
O.OS 
or^b 
4 i F 
TAI5LIS-4 
VISUAL OBSERVATIONS OF THE METAL SURFACE IN THE PRESENCE AND 
ABSENCE OF CIP FROM VARIOUS METHODS. 
System 
Mild Steel 
(Control) 
CIP 
Brass 
(Control) 
CIP 
Copper 
(Control) 
CIP 
Eschke Test 
Moderate to heavy rusting. 
2-3 rusted spot. 
Moderate to heavy tarnishing. 
Slight tarnishing. 
Moderate to heavy tarnishing. 
Slight tarnishing. 
Visual Observati 
SOaTest 
Severely rusted all-
over the surface 
No rusting; Bright 
Surface. 
Moderate to heavy 
Tarnishing. 
Slight tarnishing. 
Heavy tarnishing. 
Slight tarnishing. 
ons 
Salt Inoculation Test 
Whole surface covered with 
patches of brownish-red 
spots. 
Rusting restncted to nuclei, 
rest of the surface bnght 
and unattacked. 
Rusting around nuclei. 
Slight rusting around nuclei. 
Rusting around nuclei. 
Slight rusting around nuclei. 
> 
c 
E 
U 
c; ^ 
4.5 -
4 -
3.5 • 
3 -
25 -
2 -
1.5 -
1 -
0 5 -
0 -
4.6 
~71 
' ' ' • 
,. 
.' 
-( 
-
1 
33 
1 
^ 
J 
J. 
28 ' 
09 
~H 
r 
\ r f t 
06 
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FKi. ] Results of Eschke Test CR for Mild steel, Brass and Cooper in absence and presence ot 
0 ' for OIP at 40 ± 1 C and 90% relative humiditv for 14 davs test duration 
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FIG. 2. CR of different metals in absence and presence of CEP in SO2 environment for 24 hours 
of test duration. 
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FIG. 3. CR of different metals in absence and presence of CEP in presence of salt at 40 ± 1 C 
and 90% relative humidity for 14 days test duration. 
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HETEROKAM - A NO\TEL CLASS OF 
VAPOUR PHASE CORROSION INHIBITORS 
M A Quraishi and Jaya Rawat 
Corrosion Research Laboratory, Department of Applied Chemistn, 
Faculty of Engineering & Technology, Aligarh Muslim University 
Ahgarh, U.P.202002 (India) 
ABSTRACT 
A new family of vapour phase inhibitors comprising of six 
members has been synthesized in the reaction of heterocyclic base, 
formaldehyde and ketones. The inhibiting action of these compounds 
has been evaluated on corrosion of mild steel at 100% relative 
humidity (RH) after 30 days by weight loss and potentiodynamic 
polarization methods. Inhibitor containing piperidine exhibited better 
performance than morpholine and dimethylamine. Potentiodynamic 
polarization studies have revealed that all the compounds are 
predominantly anodic in nature 
[NTRODUCTION 
The use of vapour phase corrosion inhibitors (VCIs) is one of the most 
effective and convenient methods for preventing corrosion of metallic 
articles and equipment during storage and transportation There are 
numerous investigations on corrosion inhibition studies by aliphatic 
amines, alicyclic amines and their salts as VCIs for various industrial 
metals and alloys [1-4] However, investigations on heterocyclics 
beanng O, N or S atoms in the ring has received little attention 
Benzotriazole has been reported as efiective corrosion inhibitor for 
copper and its alloys [5 - 6] Subramanian et al [7] studied corrosion 
inhibitive performance of cyclohexylamine (CHA) and 
dicyclohexylamme (DCITA) on copper mild steel and zinc in SO2 
environment DCHA exhibited 70 86, 85 15 and 91.81% inhibition 
efficiency (IE) in mild steel copper and zinc respectively Morpholmc 
and Its derivatives such as morpholine borate, sorbatc, lauratc, 
succinate, azclate, sebacatc and thiophenolate were used as VCIs h\ 
48 i 
4 1 8 
E Vuorimen for mild steel [8] Subramanian et al [9] have recently 
studied the corrosion inhibition behaviour of morpholine and its three 
salts such as morpholme carbonate, borate and phosphate Of these 
morpholine and its carbonate exhibited 90 and 85% IE range while 
other salts gave less than 40% IE 
In the present study we have studied the inhibiting properties 
of six vapour phase inhibitors such as 
P - dimethylaminopropiophenone hydrochloride (MAPH), 
P -dimethyl-aminomethylpropiophenone hydro-chloride (MAMPH), 
P - morphoineaminopropiophenone hydrochloride (MOPH), 
P - morphoineaminomethylpropiophenone hydrochloride (MOMPH), 
P - piperidineaminopropiophenone hydrochloride (PDPH) and 
P - piperidineaminomethylpropiophenone hydrochloride (PDMPH) on 
mild steel 
EXPERIMENTAL 
Vapour phase corrosion inhibitors were prepared by the reaction of 
carbonyls and organic heterocyclic bases Table-1 shows the 
molecular structures of the synthesized VCIs. 
Weight loss experiments were carried out in presence and absence of 
inhibitors at vanous concentrations, using tight fitting rubber cork 
jars The mild steel specimens were suspended in these bottles by 
nylon tags and just below these specimens, weighed VCIs samples 
were kept at 313 ± 5 K for 30 days to allow for continuous 
condensation of moisture on metal specimen. 
Potentiodynamic polarization studies were performed using an EG & 
G PARC potentiostat / Galvanostat (Model 173) and X-Y recorder 
(Model RE0089) The cell assembly consisted of mild steel as a 
working electrode, a platinum foil as counter electrode and a saturated 
calomel electrode (SCE) as the reference electrode. All experiments 
were carried out in IN Na2S04 solution as electrolyte [10] 
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W^SULTS AND DISCUSSION 
Weioht Loss Studies 
't3' 
The values of inhibition efficiency (IE) and corrosion rates (CR) 
obtained at different concentrations if inhibitors are given in Table - 2 
It IS seen that -
1 PDMPH gives an IE of 74.6 % at 250 ppm and 94 8% at 1000 
ppm concentration whereas PDPH shows 89.1 % at 250 ppm and 
98.4 %5 at 1000 ppm. 
2. MOMPH gives an IE of 62.8 % at 250 ppm and 84.1% at 1000 
ppm concentration whereas MOPH shows 84.4 % at 250 ppm and 
95.6 %5 at 1000 ppm. 
3. MAMPH gives an IE of 54.8 % at 250 ppm and 82.8% at 1000 
ppm concentration whereas MAPH exhibits 75 % at 250 ppm and 
96.3 %5 at 1000 ppm. 
The Vapour phase corrosion inhibitors containing piperidine (PDMPH 
and PDPH) has exhibited better inhibitive performance than 
morpholine and dimethylamine. 
Potentiodynamic polarization studies 
The polanzation behaviour of mild steel in IN Na2S04 containing 
different concentrations of inhibitors is shown in Figure 1 - 3 (a & b) 
and the electrochemical parameters derived from Tafel plots are 
summarized in Table - 3. It is evident from the results that Icon values 
of all the inhibited mild steel coupons are low as compared to 
uninhibited mild steel, suggesting that all the studied VCIs are 
effective corrosion inhibitors. It is also seen that all these samples shift 
the corrosion potential significantly to noble direction indicating that 
they are predominantly anodic mhibitors 
Mechanism of corrosion inhibition 
Vapour phase inhibitors can inhibit corrosion of metals m the 
following wa^s -
1 By saturating the space with their vapours and reducing the 
relative humidity below the critical value [11] 
4S"^ 
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By alkalizing the medium to pH values at which the rate of 
corrosion becomes significantly low [12] 
By producing a high ohmic resistance on the metal surface which 
reduces the corrosion current to a minimum value [13] 
By rendenng the metal surface hydrophobic thereby preventing 
the reaction of metal with the environment [14] 
CONCLUSIONS 
1 All compounds show good inhibition efficiency at 1000 ppm 
concentration 
2 The inhibition efficiency of all compounds increases on increasing 
the inhibitor concentration 
3 PDPH gives best results among all studied compounds giving 
98 44 % inhibition efficiency at 1000 ppm concentration 
4 All inhibitors show anodic behaviour 
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lable.- 1 Molecular structures of vapour phase corrosion inhibitors 
(3 - pipendineammopropiophenone hydrochloride (PDPH) 
CO-CH2-CH2—HN 
r 
V 
HC] 
2 (3 - piperidineammomethylpropiophenone hydrochloride (PDMPH) 
H.C CO-CH2-CH2—HN 
V 
HCl 
3 3 - morphohneaminopropiophenone hydrochloride (MOPH) 
-CO-CH2-CH2—liN O HCl 
4. (3- morphoiineaminomethylpropiophenone hydrochlonde(MOMPH) 
H3C- CO-CH2-CH2—HN O HCl 
5 p> - dimethylaminopropiophenone hydrochloride (MAPH) 
O"- CH2-CH2-N(CH3)2HCI 
6 P - dimelhylaminomethylpropiophenone hydrochlonde(MAMPH) 
H 3 C — < 7 ^ V - C O - C H 2 - C H 2 - N (CH3)2 HCl 
ISO 
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Table 2. Weii^hl loss parameters oblamed from different cone of 
vapour phase corrosion inhibitors at 313 K and WO' 
humidity for 30 days 
% 
Inhi. Cone. j 
(ppm) 
Blank 
PDPH 
250 
500 
750 
1000 
PDMPH 
250 
500 
750 
1000 
MOPH 
250 
500 
750 
1000 
MOMPH 
250 
500 
750 
1000 
MAPH 
250 
500 
750 
1000 
MAMPH 
250 
500 
750 
1000 
Weight loss 
(mg) 
38.5 
4 2 
2 3 
1 5 
0 6 
9 8 
7 4 
4 0 
2 0 
6.0 
5.5 
5 0 
1 7 
143 
104 
7 1 
6 1 
9 6 
7 0 
4 8 
I 4 
174 
9 4 
8 8 
6 6 
IE 
(%) 
— 
89 09 
94 02 
96 10 
98 44 
74 55 
80 78 
8961 
94 81 
84 41 
85 71 
8701 
95 58 
62 86 
72 99 
81 56 
84 16 
75 06 
81 02 
87 53 
96 36 
54 81 
75 58 
7/ 14 
82 86 
CR 1 
(mmpy x 10 ) [ 
5.95 ! 
1 
1 
0 65 j 
0 36 1 
0 23 1 
0 09 1 
1 52 
1 15 
0 62 
031 
0 93 
0 85 
0 77 
0 26 
221 
1 61 
1 09 
0 94 
1 49 
1 08 
0 74 
0 22 
2 69 
1 4^ 
1 36 
\ 1 02 
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Table 3: l^otentiodynanuc pulanzation parameters obtained from of 
vapour Phase corrosion inhibitors. 
Inhi. Cone. 
(ppm) 
Blank 
PDPH 
250 
500 
750 
1000 
PDMPH 
250 
500 
750 
1000 
MOPH 
250 
500 
750 
1000 
MOMPH 
• 250 
500 
750 
1000 
MAPH 
250 
500 
750 
1000 
MAMPH 
250 
500 
750 
1000 
F 
*-'corr (niv) 
-562 
-506 
-492 
-474 
-438 
-504 
-480 
-492 
-448 
-508 
-530 
-478 
-518 
-510 
-492 
-498 
-524 
-450 
-472 
-488 
-512 
-462 
-444 
-508 
-538 
' cor r 
(mA cm" ) 
0.25 
0.94 
0.80 
0.72 
0.40 
0.140 
0.086 
0.070 
0.056 
0.140 
0.100 
0.066 
0.048 
0.160 
0.120 
0.094 
0.090 
0.090 
0.084 
0.070. 
0.060 
0.120 
0.098 
0.088 
0.080 
IE 
( % ) 
62.4 
68.0 
71.2 
84.0 
44.0 
65.6 
72.0 
77.6 
44.0 
60.0 
73.6 
80.8 
36.0 
52.0 
62.4 
64.0 
64.0 
66.4 
72.0 
76.0 
52.0 
60.8 
64.8 
68.0 
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Figure - I. Potentiodynamic polarization curves for mild steel inhibited 
with dijferent concentration of: 
(a)PDPH (b) PDMFH 
1. Blank, 2. 250 ppm, 3. 500 ppm. 4. 750 ppm, 5. 1000 ppm 
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Figure - 2. Potentiodynamic polarization curves for mild steel inhibited 
with different concentration of 
(a) MOPH (b) MOMPH 
I. Blank, 2. 230 ppm, 3. 500 ppm, 4. 750 ppm, 5. JOOOppm 
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Current density j j A c m - 2 
IQl 102 103 
Current density JLJ A cm-2 
Figure - 3. Potentiodynamic polarization curves for mild steel inhibited 
with different concetitration of: 
(a)K4APH (b)MAMPH 
1. Blank, 2. 250 ppm, 3. 500 pptn, 4. 750 ppm, 5. 1000 ppm 
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ABSTRACT 
Ten new vapour phase corrosion inhibitors have been synthesized in 
the laboratory by the reaction of thiocarbohydrazides and organic 
acids, their inhibiting action on corrosion inhibition of mild steel has 
been investigated by weight loss and potentiodynamic polarization 
methods at 100% RH (relative humidity) after 30 days The corrosion 
inhibiting properties of these compounds have been found to depend 
on the nature of organic acids and thiocarbohydrazides 1- benzylidme 
- 3 - thiocarbohydrazide cmnamate has exhibited > 90 % IE 
(inhibition efficiency) even at a concentration of 250 ppm All the 
compounds under study have brought down corrosion current 
significantly and showed predominantly anodic behaviour 
INTRODUCTION 
Among many methods to minimize or prevent atmosphenc corrosion 
attack on metals, use of vapour phase inhibitors to protect metallic 
articles and equipment during storage and transportation is an 
effective and convenient means The effectiveness of all the vapour 
phase corrosion inhibitors (VCIs) depends on their vapour pressures 
and molecular structures Several chemical compounds such as 
dicyclohexylaminenitnte [1], cyclohexylamine carbonate(2], 
benzotnazole [3 -5], morpholine and its derivatives [6-7] have been 
studied as VCIs for vanous metals Subramanian et al [8] have 
studied inhibition efficiency (IE) of cvclohexylamine (CHA) and 
dicyclohexylamine (DOHA) on corrosion of mild steel, copper and 
/inc in SO^ environment at 100% relative humidit\ (RID DOHA 
IQ 
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showed better performance than CilA by giving 70 86, 85 15 and 
91 81% IE for copper, mild steel and zinc respectively 
In the present investigations we have prepared ten Hydrazide 
compounds by the reaction of thjocarbohydrazide and 1 - benzylidine 
- 3- thiocarbohydrazide with organic acids to study their inhibitive 
performance on mild steel 
EXPERIMENTAL 
Vapour phase corrosion inhibitors were prepared by the reaction of 
hydrazides and organic acids Figure -1 shows the molecular 
structures of the synthesized VCIs 
Weight loss experiments were carried out in presence and absence of 
inhibitors at vanous concentrations, using tight fitting rubber cork-
jars The mild steel specimens were suspended in these bottles by 
nylon tags and just below these specimens weighed VCIs samples 
were kept at 313 ± 5 K for 30 days to allow for continuous 
condensation of moisture on metal specimen 
Potentiodynamic polarization studies were performed using an EG & 
G PARC potentiostat / Galvanostat (Model 173) and X-Y recorder 
(Model RE0089) The cell assembly consisted of mild steel as a 
working electrode, a platinum foil as counter electrode and a saturated 
calomel electrode (SCE) as the reference electrode All experiments 
were earned out in IN Na2S04 solution as electrolyte [9] 
RESULTS AND DISCUSSION 
Weight Loss Studies 
fable 1 shows the various corrosion parameters such as IE and CR 
obtained from weight loss studies All VCIs have shown good 
inhibition efficiencies which may be attributed to the formation of a 
physical barrier between metal and corrosive environment by the 
interaction of metal and inhibitor molecules However, the difference 
in their inhibiting action can be explained on the basis of their 
molecular stRicture 
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The better inhibitive performance of BTCH based inhibitors than that 
of TCH based inhibitors can be explained due to presence of n 
electrons of the benzene ring and - C = N - group, which facilitates 
greater adsorption of VCls molecules on the metal surface Cinnamate 
salts of both the hydrazides viz BTCH and TCH have exhibited the 
best performance as corrosion inhibitors among all the studied 
compounds This can be explained due to presence of an additional K 
bond betAveen carbon atoms - C = C - conjugated to azomethine group 
(- C = N - ) which further facilitates greater adsorption of cinnamates 
on the metal surface as compared to other inhibitors thereby giving 
high inhibition efficiency The conrosion inhibiting action of the 
nitrobenzoates is attnbuted to the presence of nitro group, aromatic 
nng and carboxylate anion Maleates have shown better inhibitive 
performance than succinates due to presence of double bond present in 
between - C = C - Through n electrons maleates can adsorbed more 
strongly as compared to succinates 
Potentiodymamic polarization studies 
The vanous electrochemical parameters such as corrosion current 
density (Icorr), corrosion potential (Ecorr) and IE are given in Table - 2 
It IS evident from the results that Icon- value of all inhibited mild steel 
coupons are lower than uninhibited mild steel coupons The maximum 
decrease in Icon- value is seen Vvath BTCHC at 1000 ppm concentration 
Figure 2 - 6 (a & b) show the Tafel plots obtained from different 
inhibited coupons in presence of IN Na2S04 electrolyte It is clear 
from the figures that all the inhibitors studied have shifted the 
corrosion potential of mild steel significantly to noble direction 
indicating that they are predominantly anodic inhibitors 
The VCI molecules can inhibit corrosion of metals in vanous way^ 
1 By saturating the space with their vapours and reducing the 
relative humidit}' below the cntical value [10] 
2 By alkalizing the medium to pH values at which the rate of 
corrosion becomes significantly low [11] 
3 By producing a high ohmic resistance on the metal surface which 
reduces the corrosion current to a minimum value [12] 
4 By rendenng the metal surface hydrophobic thereby preventing 
the reaction of metal with the environment [13] 
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CONCLUSIONS 
1 Both hydrazides and their denvatives show good IE for mild steel 
2 The inhibitive performance of all inhibitors increases on 
increasing the inhibitor concentration and reaches optimum at 
1000 ppm 
3 BTCHC gives best performance by gi\ ing 97 40% IE at 1000 ppm 
concentration 
4 Hydrazide denvatives exhibit better results than hydrazide alone 
5 All VCIs show predominantly anodic behaviour 
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Table I. Weight loss parameters obtained from different cone, oj 
Thiocabohydrazides derivatives and their salts at 313 K and 
100% humidify for 30 days. 
Inhi. Cone. 
(ppm) 
BLANK 
TCH 
250 
500 
750 
1000 
TCHDC 
250 
500 
750 
1000 
TCHDNB 
250 
500 
750 
1000 
TCHDM 
250 
500 
750 
1000 
TCHDS 
250 
500 
750 
1000 
Weight loss 
(mg) 
38.5 
18.1 
13.1 
9.7 
4.6 
7.3 
5.2 
3.9 
1.6 
7.9 
6.2 
4.6 
3.4 
12.2 
10.2 
9.4 
7.0 
14.0 
109 
8.6 
80 
IE 
(%) 
— 
52.99 
65.97 
74.81 
88.05 
81.04 
86.49 
89.87 
95.84 
79.48 
83.90 
88.05 
91.17 
68.31 
73.51 
75.58 
81.81 
63.64 
71 69 
77.66 
79.22 
CR 
(mmpy x 10' ) 
5.95 
2.80 
2.03 
1.50 
0.71 
1.13 
0.80 
0.60" 
0.25 
1.22 
0.96 
0.71 
0.53 
1.89 
1.58 
1.46 
1.08 
2.17 
1.69 
1.33 
1.24 
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BTCn 
250 
500 
750 
1000 
BTCHC 
250 
500 
750 
1000 
BTCHNB 
250 
500 
750 
1000 
BTCHM 
250 
500 
750 
1 1000 
j BTCHS 
1 - 250 
500 
750 
1000 
12.8 
4.5 
3.8 
2.7 
3.4 
2.7 
2.3 
1.0 
3.9 
2.8 
2.6 
2.0 
7.6 
6.4 
4.0 
3.1 
10.2 
8.9 
5.2 
1 4.1 
j 
66.75 
88.31 
90.13 
92.99 
91.17 
92.99 
94.03 
97.40 
89.87 
92.73 
93.25 
94.81 
80.26 
83.38 
89.61 
91.95 
73.51 
76.88 
86.49 
89.35 
1 
1.98 
0.69 
0.59 
0.42 
0.53 
0.42 
0.36 
0.16 
0.60 
0.43 
0.40 
0.31 
1.18 
0.99 
0.62 
0.48 
1.58 
1.38 
0.80 
0.64 
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Table 2: Potentiodynamic polarization parameters obtained from 
different cone, of thiocarbohydrazides derivatives and their 
salts 
Inhi.Conc. 
(ppm) 
Blank 
TCH 
250 
500 
750 
1000 
TCHDC 
250 
500 
750 
1000 
TCHDNB 
250 
500 
750 
1000 
TCHDM 
250 
500 
750 
1000 
TCHDS 
250 
500 
750 
1000 
F 
(mv) 
-562 
-438 
-410 
-442 
-428 
-474 
-438 
-380 
-392 
-438 
-448 
-386 
-410 
-412 
-408 
-442 
-478 
-476 
-438 
-480 
i -408 
*corr 
(mA cm" )^ 
0 25 
.084 
.076 
.060 
.058 
.080 
.070 
.054 
.046 
.088 
.074 
.062 
.050 
.110 
.088 
.068 
.060 
.180 
.160 
.088 
.070 
IE 
(%) 
66.4 
69.6 
76.0 
76.8 
68.0 
72.0 
78.4 
81.6 
64.8 
70.4 
75.2 
80.0 
56.0 
64.8 
72.8 
76.0 
28.0 
36.0 
64.8 
72.0 
d Q Q 
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BTCH 
250 
500 
750 
1000 
BTCHC 
250 
500 
750 
1000 
BTCHNB 
250 
500 
750 
1000 
BTCHM 
250 
500 
750 
1000 
BTCHS 
. 250 
500 
750 
1000 
-458 
-408 
-440 
-486 
-418 
-410 
-382 
-392 
-404 
-396 
-432 
-446 
-406 
-474 
-440 
-386 
-480 
-404 
-432 
-446 
.074 
.060 
.050 
.046 
.060 
.048 
.036 
.028 
.064 
.050 
.038 
.032 
.080 
.072 
.058 
.048 
.080 
.068 
.060 
.058 
1 
70.4 
76.0 
80.0 
81.6 
76.0 
80.8 
85.6 
88.8 
74.4 
80.0 
84.8 
87.2 
68.0 
71.2 
76.8 
80.8 
68.0 
72.8 
76,0 
76.8 
S ( ) f ) 
4 3 6 
H2N-HN C—NH-NH2 R.H2N-HN C—NH-NH2.R 
li II 
s s 
(a) (b) 
Thiocarbohydrazide (TCH) R = nitrobenzoic acid 
(TCHDNB) 
succinic add (TCHDS) 
cinnamic acid (TCHDC) 
maleic acid (TCHDM) 
/ / — C = N - N H — C - N H - N H 2 
/ I II 
-^  H S 
(a) 
1- beiLzylidine-3- thiocarbo- hydrazide (BTCH) 
u / ^ - C = ^ - N H — C - N H - N H 2 . R 
\ / I I  
H S 
(b) 
R = nitrobenzoic acid (BTCHNB) 
maleic acid (BTCHM) 
succinic acid (BTCHS) 
cinnamic acid (BTCHC) 
Figure:- 1 h^j^lecidar structures of vapour phase corrosion inhibitors 
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Figure - 2. FoienliocJynanuc polarization curves for mild steel inhibited 
with different concentration of: 
fa) BTCH (h) TCH 
I. Blank. 2. 250pprn. 3. 500ppm, 4. 750ppm, 5.1000ppm 
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Piperazine and Its Derivatives as Vapour 
Phase Corrosion Inhibitors 
M.A. Quraishi and Jaya Rawat 
Corrosion Inhibition Research Laboratory, Department of Applied Chemistry 
Faculty of Engineenng & Technology, Aligarh Muslim University 
Aligarh-202 002, (U.P) India 
A B S T R A C T : 
The use of \apour phase corrosion inhibitors is one of the most effective and 
convenient methods for preventing corrosion of metallic articles and equipments during 
storage and transportation In present investigation the mhibitive performance of 
piperazine and its derivatives such as phosphate, carbonate, benzoate, cmnamate and 
Maleiate has been studied as vapour - phase corrosion inhibitors by weight loss and 
potentiodynamic polarization methods for mild steel All of these compounds ha\e 
shown good inhibition efficiency for mild steel after 30 days under continuous 
condensation test (CCT) The potentiodynamic polarization studies ha\e shown 
predominantly anodic behaviour of all these compounds 
I N T R O D U C T I O N : 
Vapour phase inhibitors are best known to protect metallic articles and 
equipments during storage and transportation There are numerous investigations on 
corrosion inhibition studies bs aliphatic amines, alicyclic amines and their saltb as 
vapour phase corrosion inhibitors for various industrial metals and al lo\s [1-4] 
Howe\er, investigations on heterocyclic bearing 0 , N or S atoms in the ring has received 
little attention Benzotnazole has been reported as effective corrosion inhibitor lor 
copper and its alloys [5-6] Morpholme and its derivatives such as morphohne borate 
sorbate laurate, succinate, a/elate, Sebarate and thiophenolate were used as vapour 
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phase corrosion inhibitors by E Vuorimen [7] for mild steel Subramanian et al [8] have 
recently studied the corrosion inhibition behaviour of morpholine and us three salts such 
as morpholine carbonate, borate and phospahte Of these morpholine and its carbonate 
derivative exhibited 90 and 85% inhibition efficiency while other salts gave less than 
40% IE [8] 
In the present study the authors have studied the inhibiting properties of five 
vapour phase corrosion inhibitors, such as piperazine(P), piperazine dinitrobenzoate 
(PDNB), piperazine dimaleiate (PDM), piperazine diphosphate (PDP) and piperazine 
dicarbonate (PDC) on corrosion of mild steel 
E X P E R I M E N T A L : 
Piperazine and its derivatives such as carbonate, nitrobenzoate, Maleiate and 
phosphate, were synthesized by treating the piperazine with carbon dioxide, nitrobenzoic 
acid, maleic acid and phosphoric acid respectively 
Weight loss experiments were carnedout in presence and absence of inhibitors at 
various concentrations, using tight fitting rubber cork jars The mild steel specimens 
were suspended in these bottles by nylon tags and just below these specimen vapour 
phase inhibitors sample were kept in small bottle These jars were kept at 100% relative 
humidity at 313K for 30 days to allow for continuous condensation of moisture on metal 
specimen 
Potentiodynamic polarization studies were performed using an EG & GPARC 
potentiostat/Galvanostaf (Model 175) and X-y recorder (Model RE0089) The cell 
assembly consisted of a mild steel as a working electrode, a platinum foil as counter 
electrode and a saturated calomel electrode (SCE) as the reference electrode All 
experiments were carried out in IN Na2S04 solution as electroyte [9] 
R E S U L T S A N D D I S C U S S I O N 
Weight Loss Studies : 
The values of inhibition efficiency (IE) and corrosion rate (CR) obtained at 
different concentration of inhibitors are given in Table 1 It is seen that 
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(a) Piperazine gives an IE of 82 at 250 ppm and 98% at 1000 ppm concentration 
(b) PDC gives 99 and 98% IE at 250 and 1000 ppm concentration respectively 
(c) PDP gives 94 8 and 98 4% IE at 250 and 1000 ppm respectively 
(d) PDM exhibits 92% IE at 250 and 99 4% at 1000 ppm 
(e) PDNB gives 94% IE at 250 and 99 4% at 1000 ppm 
The results of weight loss studies clearly demonstrate the superior performance {> 
99% IE) of Piperazine derivative containing organic anions such as dinitrobenzoate and 
maleiate than those containing inorganic anions such as carbonate and phosphate 
Mechanism of Corrosion Inhibition: 
Vapour phase inhibitors can inhibit corrosion of metals in the following ways 
1. By saturating the space with their vapours and reducing the relative humidity 
below the critical value [10] 
2. By alkalizing the medium to pH values at which the rate of corrosion becomes 
significantly low [11] 
3 . By producing a high ohmic resistance on the metal surface which reduces the 
corrosion current to a minimum value [12] 
4. By rendering the metal surface hydrophobic thereby preventing the reaction of 
metal with the environment [13] 
Potent iodynamic Polarization Studies: 
The polarization behaviour of mild steel in 1 N Na2S04 containing different 
concentrations of inhibitors is shown m Figure !(a-e) and the elctrochemical parameters 
derived from Tafel plots are summarized in Table 2 It is evident from the results that 
'corr '•alues of all the inhibited mild steel coupons are low as compared to uninhibited 
mild steel, suggesting that all the Piperazine derivatives are effective corrosion 
inhibitors It IS also seen that all these samples shift the corrosion potential significantlv 
to noble direction indicating that the> are predominantly anodic inhibitors 
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C O N C L U S I O N S 
The vapour phase corrosion inhibition of mild steel carried out b> using 
Piperaz'ne derivatives brings out the following main conclusions 
1 All compounds show good inhibition efficiency at lOOOppm concentration 
2 The Inhibition efficiency of all compounds increases on increasing the inhibitor 
concentration 
3 PDNB gives best results among all compounds giving 99 48% Inhibition 
efficiency at 1000 ppm concentration 
4 All inhibitors have shown anodic behaviour of protection of mild steel corrosion 
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INHIBITION OF METALLIC CORROSION BY 
SOME l-(2-AMINOETHYL)-2-UNDECYL-2-IMIDAZOLINE SALTS 
UNDER VAPOUR PHASE CONDITIONS 
M A QURAISHI*, VIKAS BHARADWAJ AND DANISH JAMAL 
Corrosion Research Laboratory, Department of Applied Chemistry, Faculty of Engineering & Technology, 
Ahgarh Muslim University, Aligarh 202 002 INDIA 
[Received 02 December 2002 Accepted 31 December 2002] 
Four organic volatile corrosion inhibitors (VCIs) were synthesized using l-(2-ammoethyl)-2-undecyl-
2-imidazoline with various acids such as maleic acid, nitrobenzoic acid, phthalic acid and cinnamic acid 
and evaluated as corrosion inhibitors of aluminium mild steel, brass and copper by weight loss method 
Eschke test method, sodium chloride inoculation test method and sulfur dioxide (SO2) test method were 
also carried out to investigate the corrosion inhibiting effect of the compounds All the investigated VCIs 
exhibited good inhibition efficiency (IE) for all the metals Ctnnamate salt showed best result among all 
studied compounds for all the metals 
Keywords Esche test, ferrous and non-ferrous metals, 2- imidazoline, salt inoculation test, sulfur dioxide test, volatile 
corrosion inhibitor 
INTRODUCTION 
The destructive at tack of a metal by chemical and 
electrochemical reaction environment is known as 
corrosion [1] Corrosion causes enormous economic 
losses In USA, the economic losses have been 
est imated as high $270 b per year The use of 
inhibitors is one of the most cost effective methods 
of protecting corrosion 
The volatile corrosion inhibitors are used to 
protect metalhc articles and equipments in 
enclosed atmosphere [2] The choice of a chemical 
compound as a vapour phase corrosion inhibitor 
(VCI) depends on its vapour pressure and 
efficiency to prevent corrosion by forming a 
protective film There are numerous investigations 
on corrosion inhibition studies utdizmg ahphatic 
amines, ahcychc amines and their salts as VCIs 
for various industrial metals and alloys [3-5] 
Fatty acid amines are more effective than cyclic 
• Author for correspondence 
Fax 0571700528 703121 email maquraishi@rediffmail com 
amines and aromatic ammes [5] 
1,3-dinotrobenzene with P-naphthol was examined 
as VCI in SOj and chloride atmosphere by 
Rajagopalan et al [6] Subramaman et al [7] 
studied corrosion inhibitive performance of 
cycloheyxlamme (CHA) salts and dicyclohexylamne 
(DCHA) salts on copper, mdd steel and zinc m 
SO2 environment DCHA exhibited 70 86, 85 15 
and 9 1 8 1 % inhibition efficiency (IE) in mild steel 
copper and zmc respectively. Subramaman e t al 
[8] has recently studied the corrosion inhibition 
behaviour of morpholine and its three salts such 
as morpholine carbonate, borate and phosphate 
salts Of these, morphohne and its carbonate salt 
exhibited 90% and 85% IE, respectively, while tlie 
other salts are less than 40% IE 
Continuing our recent work [9-10] on \ apou r 
phase corrosion inhibitors, we report here the 
inhibiting properties of four orgamc vapour phase 
inhibitors (VCIs) namely, l-(2 ammoethvl) 2 
undec>l 2-imidazohne maleate (AUIM) l-(2 ^ m n o 
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ethyl)-2-iindecyl-2-imidazoline nitrobenzoate (AUIN), 
l-(2-aminoethyl)-2- undecyl-2-imidazoline phthalate 
(AUIP) and l-(2-aminoethyl)-2- undecyl- 2-iinida-
zoline cinnamate (AUIC) on aluminium, mild steel, 
b rass and copper. 
EXPERIMENTAL 
S y n t h e s i s of the organic compounds 
l-(2-aminoethyl)-2-undecyl-2-imidazoline was 
synthes ized according to the procedure reported m 
the hteratiure [11] and the salts were prepared by 
dissolving equimolar fatty acid imidazoline and 
organic acids in ethanol. The reaction mixture was 
st i rred for 1 hour at 313 K. The precipitated 
compounds were filtered and crystalhzed from 
ethanol. MP^C (AUIM = 1 1 5 , AUIN = 95, AUIP 
= 90, AUIC = 62). Name and molecular structure 
of the compounds are presented m Scheme 1. 
Weight loss measurement s 
Corrosion experiments were carried out according 
to the procedure reported in the hterature [12] 
usmg various ferrous and non- ferrous metals viz. 
aluminium, mild steel, brass and copper. The 
specimens of size 2.5 cm by 2.0 cm by 0.025 cm 
were used for weight loss measurement studies. 
Weight loss experiments were carried out in the 
presence and absence of inhibitors at a fixed 
concentration of 500 ppm, using tight fittmg 
rubber cork 250 ml conical flasks containing 
25 ml of water-glycein mixture to produce 90% 
relative humidity. The concentration of the 
inhibitors used for the study was taken according 
to the volume of the conical flask. The metal 
specimens were suspended in these bottles by 
nylon gas and just below these specimens weighed 
VCls samples were kept in a glass container as 
not to be in contact with the hquid kept inside 
the conical flask. A battery of conical flasks were 
kept in an air thermostat set at temperature 
313 ± I K and 90% relative humidity during the 
day and were removed at mght to allow 
condensation of moisture on metal specimen The 
experiment was conducted for 20 days The 
coupons were placed in inhibited acid bath to 
remove corrosion products then weighed. 
Eschke test 
Eschke test was earned out as per procedure 
reported in the l i terature [13] using various 
metals. Pohshed strips of size 5.0 cm by 2.0 cm 
by 0.025 cm were wrapped in single layer of 
inhibitor impregnated Kraft papers and suspended 
in climatic cabinet maintained at 90% relative 
humidity. 1 gm.ft of various inhibitors were used 
for the experiment. The. temperature cycles was 
set at 313 + 1 K for 12 hours and at room 
temperature of another 12 hours for condensation 
of the moisture. The duration of the test was 14 
days. A similar experiment was done with metals 
covered with untreated Kraft paper (control). 
Sulfur d ioxide (SO2) tes t [13] 
Clean and dry meta l specimens 5 cm by 2 cm by 
0.25 cm were placed inside one h t re glass 
container. Weighed VCI compound was kept inside 
the container. A small beaker containing 0.04 gm 
of sodium thiosulphate was placed inside the 
container. 50 ml capacity baker containing 30 ml 
aqueous solution of salt (1% NH^Cl + 1% 
N a S O ^ was placed inside the container. 0.5 ml of 
1 N sulfuric acid was directly added to the beaker 
containing sodiiun thiosulphate and the glass 
container was immediately sealed. The glass 
container was placed in an oven set at 313 + 1 K 
for the duration of 16 hours and at 283 K for 
S No 
1 
2 
3 
4 
Fcxmjla 
(CH,),—NH,R 
R = H02CCH»CHC02H 
COOH 
R = ^ ^—CH=CHCOOH 
Desigruibon and Abbreviabon 
1^2-*mino•lhyI) 2-und»cy|. 
2imi(UzoIin*mat«ate (AUIM) 
1^-»ntoo«Ihyl)-2-«nd-^/t 2 
unxiazonna nrtrot>*nxoat» (AUIN 
1-^2-amu>o«thy I)-2Hjnd©cyl-2-
imiduoCin* phthatat* (AUIP) 
1 -i 2-amino»t»iyI>.2-^nd»cyt-2-
Hnid«zolln« einnamjt* (AUIC) 
Scheme 1 Name and molecular stnjcture of 
the compounds used 
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another 8 hours A similar experiment was done 
with the one litre glass container in absence of 
VCI compound (control) 
Sa l t i n o c u l a t i o n t e s t [6] 
0 1 g of sodium chloride was placed in 200 ml 
carbon tetrachloride and the whole solution was 
stirred by a magnetic stirrer The metal specimen 
5 cm by 2 cm by 0 25 cm was introduced in the 
stirred solution for 3-4 seconds and taken out 
when approximately 10-12 particles of salt were 
deposited a t random on each side of metal surface 
One side of the metal surface was cleaned off the 
salt particles and the whole metal surface was 
wrapped in single layer of inhibitor impregnated 
I^af t papers and suspended in chmatic cabinet 
maintained at 90% relative humidity 1 gm ft^ of 
various inhibitors were sued for the experiment 
The temperature cycle was set a t 313 ± I K for 
12 hours and a t room temperature for another 12 
hours for condensation of the moisture The 
duration of the test was 14 days A similar 
experiment was done with metals covered with 
untreated Kraft paper (control) 
V a p o u r p r e s s u r e d e t e r m i n a t i o n 
A s tandard Knudsen method [14] was used to 
determine the vapour pressure of the inhibitors 
Weighed compound was placed m a glass 
container having an orifice of 1 mm diameter The 
glass container was then placed m an oven set a t 
313 ± 1 K for 20 days Loss m mass was 
measured by an electronic balance and the values 
were put into the formula given below 
TABLE I: Vapor pressure 'of VCEs 
W 2 7 i R T 
M (1) 
where p is vapour pressure of the inhibitor in 
Pascal (Pa), A is area of the orifice in m", t is 
time of exposure in second, W i<^  weight of 
evaporatea substance in kilogram T i^ 
temperature in Kelvin, M is molecular mass of the 
compound in kilogram and R is gas constant 
(8 314 JK"^ moF*) Values of the vapour pressure 
obtained are given m Table I 
Vapor pressuie (mmHg ) Compounds 
14 5 X 10 
56 X 10^ 
74 X 10"^  
69 X 10"^  
AUIM 
AUIN 
AUIP 
AUIC 
TABLE 11: Weight loss parameters* obtained for 
500 ppm concentration of VCIs at 313 ± 1 K and 
90% relative humidity for 20 days for various metals 
a = as detenrvned from Knudsen meUiod 
b = millimeter of mercury 
System 
Alumimum 
AUIM 
AUIN 
AUIP 
AUIC 
Mild Steel 
AUIM 
AUIN 
AUIP 
AUIC 
Brass 
AUIM 
AUIN 
AUIP 
AUIC 
Copper 
AUIM 
AUIN 
AUIP 
AUIC 
a = as 
Weight loss 
(g) 
60 6 
158 
127 
12 4 
117 
34 5 
34 
20 
19 
1 1 
84 
1 5 
1 3 
0 8 
06 
57 
10 
08 
06 
05 
determined from 
b = IE inhibition effiaency 
IE" 
(%) 
— 
74 91 
79 04 
79 53 
80 70 
— 
90 12 
94 25 
94 50 
96 87 
— 
82 51 
85 24 
90 71 
93 44 
— 
82 75 
86 20 
89 65 
91 37 
weight loss 
c = mmpy 
Corrosion rate 
(mmpy' x 10^) 
40 90 
10 26 
8 57 
8 37 
7 89 
8 00 
0 79 
0 46 
0 44 
0 25 
183 
0 32 
0 27 
0 17 
0 12 
1 16 
0 20 
0 16 
0 12 
0 10 
measurements 
millimeter per year 
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TABLE 111: Visual observations of the metal surface in the presence and absence of AUIC from various methods 
Visual observations 
Eschke test SO2 test Salt inoculation test 
Aluminium Heavy dulling, grayish white 
(control) surface 
AUIC Slight dulhng 
Slight dulhng 
No effect, bnght surface 
Moderate rusting around all 
nuclei, heavy dullmg 
Rusting confined to nuclei, 
slight dulhng 
Mild steel Moderate to heavy rusting 
(control) 
AUIC 1-2 rusted spot 
Severely rusted all over the 
surface 
No rustmg, Bnght surface 
Whole surface covered with 
patches of brownish-red spots 
Rusting restncted to nuclei, rest 
of the surface bnght & unattacked 
Brass Moderate to heavy tarnishing 
(control) 
AUIC Slight tarnishing 
Moderate to heavy tamishmg 
Slight tarnishing 
Rustmg around nuclei 
Slight rusting around nuclei 
Copper Moderate to heavy tamishmg Heavy tarnishing 
(control) 
AUIC Slight tarnishing Slight tamishmg 
Rustmg around nuclei 
Slight msting around nuclei 
R E S U L T S AND DISCUSSION 
Weight loss m e a s u r e m e n t 
The values of percentage inhibition efficiency 
(%IE) and corrosion rate (CR) obtained by weight 
loss methods a t 500 ppm concentration of VCIs for 
different metals are summarized in Table II The 
%IE was calculated using the following equation 
%IE = [(CR° - C R ) / C R ' ^ X 100 (2) 
where CR° and CR are the corrosion rates in the 
absence and presence of inhibitors, respectively 
The corrosion rate was calculated using the 
following formula 
CR = K x W 
A x T x D (3) 
where K is a constant (8 76 x lO"* for mmpy, 
millimeters per day), W is weight loss in gm, A 
is area of the coupon in cm^, T is time of exposure 
in hour and D is density of metal m gm cm 
All VCI s have shown good IE, which may be 
at tr ibuted to the formation of a physical barrier 
between metal and corrosive environment by the 
interaction of metal and inhibitor molecules The 
uorrosion inhibiting action of the vohti le corrosion 
inhibitors is at tr ibuted to the presence of lone pair 
of electrons present on the N atoms of the 
inhibitor molecules, which facihtate adsorption for 
these inhibitors onto the meta l surface. In the 
present investigation, c innamate salt exhibited 
highest IE for all the metals . I t gave 80 7%, 
96 8%, 93.2% and 91.3% for a lumimum, mild steel, 
brass and copper respectively. High IE of 
cinnamate salt may be at t r ibuted to the presence 
of an additional 7t-bond between C = C which 
further facditate greater adsorption of cinnamate 
salt on the metal surface. 
E s c h k e t e s t 
The summary of the visual observations of the test 
is given in Table III It is seen that a large 
spread of results were obtained The graphical 
representation of all the metals with respect to 
CR in the absence (control) and presence of AUCI 
is shown in Fig 1 
SO2 tes t 
The results obtained in the presence of sulfur 
dioxide IS shown in Fig 2 It is seen that values 
of CR was reduced considerably in the inhibited 
metal specimens Thn summary of the \i--inl 
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Fig 1 Results of Eschke lest 
CR for aluminium, mild steel, brass and copper in 
absence and presence of for AUIC at 313 + 1 K and 
90% relative humidity for 14 days test duration 
observations of the test is given in Table III. 
Corrosion of all the metals was reduced 
considerably in the presence of AUIC 
Salt inoculation test 
The result obtained when the metals are 
inoculated with sodium chloride m absence 
AJ AUC MS MJ*C Br AUIC Cu AUtC 
SOjiMi 
70ll It '^  1 
Al AUC MS AUC 
Wclnaute t l anTMt 
Fig 2 Cr of different metals in absence and presence of 
AUIC in SOz environment for 24 fiours of tpst duration 
Fig 3 CR of different metals in absecne and 
presence of AUIC in presence of salt at 313 ± 1 K and 
90% relative fiumidity for 14 days test duration 
(control) and presence of AUIC is shown in Fig 3 
The summary of the visual observations of the test 
IS given in Table III It is also observed visually 
that in the case of inhibited samples the extent 
of corrosion around the salt nuclei is restricted 
and further spreading of the rust was arrested to 
a considerable extent 
Mechanism of corrosion inhibition 
Inhibition of metalhc corrosion in presence of 
1 (2-aminoethyl)- 2-undecyl-2-imidazohne salts 
involved vapourization of the inhibitors in a 
non-dissociated molecular form, followed b> 
hydrolysis of the salts into carbox\late anion« 
(RCOO) and organic cations (RCONHNI^) Anions 
are adsorbed on the anodic side of the metal and 
inhibit anodic reaction while organic cations are 
adsorbed on cathodic side thereby preventing 
cathodic reaction [15] 
CONCLUSION 
n All the organic vapour phasi corro^io'^ 
inhibitors showed good inhibition efficienc\ for 
aluminium, mild steel, brass and copper 
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n All the vapour phase corrosion inhibitors 
mlubited corrosion of metals by being adsorbed 
onto the metals svirface 
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INHIBITING PROPERTIES OF SOME MANNICH BASES ON 
CORROSION OF MILD STEEL UNDER VAPOUR PHASE CONDITIONS 
M A QURAISHI 
ConosLori Research Laboratoiy, Department of Applied Chemistry, Faculty of Enginecnr n and 
Technology, Aligarh Muslim University, Aligarh 202 002 INDIA 
[Received 19 November 2001 Accepted 27 August 2002] 
Three maniuch bases derived fiam pipeiazine with foiinaldeliyde an dimethyl acetophenone, ncctophenone 
and cyclohexanone weie synthesized to study the conosion mhibitive peiformance on mild steel undo 
vapour phase conditions Their inhibiting action has been evaluated at 95 ± 5% lelative humidity after 
30 days undei continuous condensation tests (CCT) by \ieight loss and potentiodynamic polanzalion studies 
All compounds have shown more than 90% inhibition efficiency at J 000 ppm contentiation 
Poleiitiodynamic polai ization studies have shown predominantly anodic behaviow of all these compounds 
KeyHoidi, liihibilors, niaiiiuch base, polarization, vapour phase 
INTRODUCTION 
Among various available methods for protection of 
a tmospheric metallic corrosion, use of volatile 
corrosion inhibitors is one of the frequently used 
methods now a day. These compounds are used to 
protect electrical and mechanical parts , stored 
auto and aircraft par t s , they also allow protection 
of hand-to-service areas and areas where physical 
contacts of stored pa r t s create galvanic couples 
Their vapours from an extreme thin film over 
metal surface thereby rendering them passive 
Sodium, potass ium or ammonium nitri te 
(NH4NO3), urea [C0(NH2)o], dicyclohexylammo-
nium nitrite [1] and acetamide (CHgCGNH,) were 
tried m late 1940s as pa ten ts for rust inhibition 
[2-5] Li terature reveals use of various aliphatic 
amines, alicyclic amines and their salts as VCIs 
for industrial meta ls and alloys [6-8] Corrosion 
inhibitive peiformance of cyclohexylamine (CHA) 
and dic\clohe\>lamine (DCHA) on mild steel, 
copper and zmc m SO^ en\ i ion inent DCHA 
exhibited better inhibitive performance than CHA 
by giving 91 S l% inhibition efficiency (IE) foi 7mc 
than that oi uuld steel (So 15%) and coppei (70 &G) 
[9] Rajagopalan et al [10] ha \ e studied 
meta-dini t ioben/eno and [i-naphthol as vapoui 
phase mhibiUiib foi mild steel in SOj and chloude 
envuonmenl Morpholine and its salt= such as 
carbonate, borate and phosphate were used as 
VCIs for mild steel by Subramanian et al [11] 
among them morpholine and morpholine carbonate 
exhibited 90% and 85% IE range while other salts 
gave less t han 40% IE 
In continuation of our work on VCIs [12] we have 
studied the inhibiting properties of three organic 
compounds namely P-piperazine aminopropio-
phenone hydrochloride (PDPH) and p-piperazine 
aminomethylpropiophenone hydrochloride (PDMPH) 
and piperazine-(2-cyclohexanoyal methyl) amine 
(PCMA) to investigate their corrobion inhibiting 
performance on mild steel as vapour pha=e 
conosion inhibitors 
E X P E R I M E N T A L 
Fig 1 shows the molecular s t ruc t i t c^ of th 
svnthesizcd VCIs Weight lo'^s evpe i inen t s ui.>, 
cairied out in presence and absence ff inhibitoi 
at various concentiations, using tighl f t tcd rubl • 
coik j a i s The mild steel specimen of -.vt 2 0 ^-
by 2 5 cm by 0 25 cm weie eucpcnd d m tb 
bonles b\ nj lon tags and ju-.t I lo • th 
specimen- weighed \'(^Is compou'id ' • I r - t 
3\1 i 3 K foi 30 d u - lo ,J'IOV fi e '^ti'n' 
condensation of nioistuic on nu t i =[)fnm • 
Potentiod\ namic pol nizaUoa •-IVK 11 - v . 
peifoimod usmg an ]\C, fi G PAPf" it 11',fj t i* 
- 9 
4 5 3 
QUKMSHl Inliibitiiif; piopoiues of some mannich bastb on coiiObion of mild s l t t l 
galvanobtat (Model 173) and \ Y lecordei (Model 
RE0089) The cell assembly consisted of mild steel 
as a vvoikmg electrode, a p la t inum foil as counter 
electrode and a sa tu ra ted calomel electiode (SCE) 
as the leference electrode All experiments weie 
c a i n e d out in 1 N Na^SO, solution used as 
electrolyte [13] 
E s c h k e t e s t 
Corrosion tests also were carried out as per 
procedure reported in the l i terature [14] using 
mild steel, coupons Polished strips of size 5 cm 
by 2 cm by 0 25 cm (1 968 in by 0 787 in by 0 098 
i n ) were wrapped in single layer of inhibitor 
impregnated Kraft papers and suspended in 
climatic cabinet main ta ined at 90% relative 
humidi ty One g m / ft^ of vai ious inhibitors were 
used for the experiment The temperature cycle 
was set a t 313 K for 12 hours and at room 
tempera ture for another 12 hours for condensation 
of the moisture The durat ion of the test was 20 
days A similar experiment was done with metals 
covered with un t rea ted ICraft paper (control) The 
resul ts are summarized in Table II 
TABLE I. Weight loss parameters obtained 
from different concentration of \apour phase 
corrosion inhibitors at 313 K and 
100% humidity for 30 days for mild steel 
Inhibitor 
concn 
(ppm) 
Mild steel 
Blank 
PRPH 
250 
500 
750 
1000 
PRMPH 
250 
500 
750 
1000 
PCMA . 
250 
500 
750 
1000 
Weight 
loss 
(mg) 
38 5 
5 9 
14 
0 8 
0 3 
54 
4 I 
2 6 
1 1 
14 8 
9 4 
7 1 
32 
Inhibition 
efficienc) 
(%) 
— 
84 68 
96 36 
97 92 
99 22 
85 97 
89 35 
93 25 
97 14 
61 56 
75 58 
8156 
91 69 
Corrosion 
rate (mnipy 
X 10^) 
5 95 
091 
0 22 
012 
0 05 
0 84 
064 
0 40 
0 17 
2 29 
1 46 
1 10 
0 50 
I (J - pipcrazincpropiopbcnone hydrochloridc(PRPH) 
<7^ \—CO-CHj-CHj—HN NHCI 
P -piperazinemethylpropiophenone hydrochloride(PRMPH) 
"'<^-<0 CO-CH7-CH2—HN NHCI 
Piperazme bis (2 cyclohexanoylmeihyl) amine (PCMA) 
Nil 
c ; 0 
X^H, ^"^YS 
Fig 1 Molecular structures of 
vapour phase corrosion inhibitors used 
D e t e r m i n a t i o n of v a p o u r pres sure of the 
inh ib i tors 
Weighed compound was placed in a glass 
container having hole of 1 mm diameter The glass 
container was then placed in an oven set a t 308 K 
for 30 days Loss in mass was measured and the 
values were pu t into the formula given below [15] 
(2 n RTl '' ' W 
At M (1) 
where p is vapour pressure of the inhibitor, A is 
area of the hole in m", t is the time in second 
W IS the mass loss m kilogiam, T is the 
tempera ture in Kelvin, M is the molecular mass 
TABLE II 
VCI 
PRPH 
PRMPH 
PCMA 
Vapour pressure of VCIs 
Vapour pressure (iniii 
1 27 X 10"^ ' 
S22 X 10^ 
5 97 X 10^ 
"«) 
J 
50 
45^ 
(iJl'liAlSHI - hih.bilmc piopeitifs of some n iiinich bises oa rorio=ion of mild =• 1 
VCI 
lABLE III. Eschkc test 
Inhibition 
efficicnc\ (%) 
Corrosion rate x 
10 (mmpy) 
PRPH 
PRA1PH 
PCM-X 
82 14 
75 00 
67 85 
0 825 
0 115 
0 148 
Ah the three compounds ha \ e -^ hoNvn jzood 
\Vi\\ib^Uoi\ efficiency a t all inhibitov canccnUi twn 
Their efficiency increases on increasing inhibitor 
concentration but reaches a t maximum on 
1000 ppm PRPH has exhibited best resulf^ 
among all the tliree studied compounds by gi\ ing 
99 22% inhibition efficiency 
of the compound and R is gas constant 
(8 314 JK mol Values of the vapour pressure 
obtained are given in Table III 
R E S U L T S AND D I S C U S S I O N 
The values of inhibition efficiency (IE) and 
corrosion ra te (CR) obtained a t different 
concentrations of inhibitors are given in T a b l e IV. 
The polanzat ion data such as corrosion potential 
(^corr)' corrosion current density (Icon-) ^^i^ 
inhibition efficiency (IE) are shown in Table IV. 
Figs 2(a-c) shows the Tafel plots obtained from 
all these compounds after their exposure to 
u 
> 
E 
o 
a 
- 3 1 0 -
-410 
-S10 
101 102 io3 
Current density p A c m - 2 
K)^  
corrosive environment. 
TABLE 
parameters ( 
Inhibitor 
concentration 
(ppm) 
Mild steel 
Blank 
PRPH 
250 
500 
750 
1000 
PRMPH 
250 
500 
750 
1000 
Pf MA 
230 
^0(1 
1^0 
10')() 
IV: Potentiod 
ibtained from 
inhibitors for 
Ecorr 
(m\0 
-562 
-488 
-474 
-490 
-438 
-498 
-478 
-490 
-458 
476 
492 
-506 
460 
ynamic polarization 
vapour phase 
mild steel 
Icon-
(m-A. . cm ) 
0 250 
0 056 
0 050 
0 042 
0 030 
0 066 
0 060 
0 048 
0 040 
0 0S8 
0 072 
0 064 
0 062 
corrosion 
IE 
(%) 
— 
77 6 
80 0 
83 2 
88 0 
73 6 
76 0 
S0& 
84 0 
64 8 
71 2 
^4 4 
73 2 
> 
E 
"5 
^ 
o 
Ul 
</1 
> 
£ 
"o 
c 
4/ 
o 
(1) B 
-310 
-410 
-510 
-610 
-710 
-
"~^  
-
1 
5 
101 10 ' 
Current density > jAcm-Z 
-410 
-710 
10 10^ 103 
Cur ren t dens i ty ^ Ac m 2 
10'' 
Tig 2 Po ntodinamic polanza'ion c o (or 
mild steel in'^ b ted with di"eren' coicer j ' i n s o' 
(a) PRPH (b) PRMPH (c) P C " s 
lank (2) 250 ppm (3) 500 ppm (4) 750 p, i (5) 100J 
51 
4 55 
Q U I ; XISHI — Inhibiting properties of iOrne manni h bT^ts on couObion of nulil ^((i.l 
The inhibiting action of these compounds can be 
explained on the basis of their molecular structure 
as they have a heterocyclic r ing with two nitrogen 
atoms, which facilitates bet ter adsorption of 
inhibitor molecule on metal surface 
The least inhibiting action of PCMA is explained 
on the basis of stearic hindrance, as the bigger 
size of molecule is not properly adsorbed on anodic 
sites of the metal surface thereby giving 
comparatively lesser inhibition efficiency 
The results obtained from potentiodynamic 
polarization studies revealed tha t I^ .^ ^^  values of all 
inhibited mild steel coupons are lower than 
uninhibited mild steel coupons. PRPH has shown 
maximum decrease in I^^^ values a t 1000 ppm 
(Fig. 2) All the three compounds have shifted the 
corrosion potential of mild steel significantly to 
noble direction thereby indicating tha t they are 
predominantly anodic inhibitors 
M e c h a n i s m of c o r r o s i o n i n h i b i t i o n 
1. Vapour phase inhibitor molecules condense 
after reaching on metal surface to form a 
thin film in presence of traces of moisture 
and develop strong ionic activity. This layer 
separates the metal from environment. Due 
to the continuous condensation of vapours, 
increase the thickness of the inhibitor layer 
on metal thereby inhibits the corrosion 
process. 
2 The VCIs alkahzes the medium to 
significantly low pH values, which allow less 
corrosion 
3. A high ohmic resistance is produced on the 
metal surface which reduces corrosion current 
to low value 
4 The ions or atoms present in protective layer 
change the potential and cause an increase 
in hydrogen over voltage This causes a shift 
of potential to noble direction thereby 
rendering the metal surface passive 
C O N C L U S I O N 
a All the three compounds inhibit conosion of 
mild steel at all concentrations 
n Best mhibitive performance among them is 
given by PRPH by giving 99 2 1 % IE 
n All the compounds have shown significantly 
anodic beha \ iour 
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T R I A Z O L E D E R I V A T I V E S : NEV/ CLASS O F M U L T I M E T A L 
V A P O U R P H A S E C O R R O S I O N I N H I B I T O R S 
M. A. Qura ishi 
Corrosion Research Laboratop,', Deptt. of Applied Chemistry 
Faculty of Engg. & Technology, Aligarh Muslim university 
Aligarh, U.P. 202002 (India) 
ABSTRACT 
4-amino -5-mercaplo- 3- propyl- 1,2, 4 inazole and Us five salts viz., phosphate. 
nitrobenzoate, maleate, cinnamaie and succinate were synthesized and their corrosion 
inhibiting performance was studied as vapour phase corrosion inliibilors on mild steel , brass 
and copper by weight loss and potentiodynamic polarization studies. Triazole phosphate has 
exhibited best performance among all the studied compounds by giving more than 98% 
inhibition efficiency for all the metals investigated. Potentiodynamic polarization studies 
revealed that all the compounds are predominantly anodic inhibitors. 
Introduction 
Prevention of metallic corrosion during transportation and packaging by volatile 
compounds is one of the most effective methods which is neither expensive nor time 
consuming, these volatile compounds by their vapours form a extremely thin film on metal 
thereby rendering them passive. There are numerous in\cstigations on corrosion inhibition 
studies by aliphatic amines, alicyclic amines and their salts as VCls for various industrial 
metals and alloys Erdos (1965), Schwabe (1964), Bochanrikob et o/.(1979), Lee et ol.{\91A) 
However, investigations on heterocyclics bearing 0, N or S atoms in the ring has received 
little attention. Benzotriazole has been reported as effective corrosion inhibitor for copper and 
its alloys Cotton (1966), Korpics (1975). Subramanian e(. al. (1999) studied corrosion 
inhibitive performance of cyclohexylamine (CHA) and dicyclohexylamine (DCHA) on 
copper mild steel and zinc in SO2 environment DCHA exhibited 70.86, 85.15 and 91 81% 
inhibition efficiency (IE) in mild steel copper and zinc respectively. Morpholine and its 
derivatives such as morpholine borate, sorbate. lauratc. succinate, aclate, sebaiatc and 
thiophenolalc were used as VCIs by E. Vuorimen for mild steel (1994) Subramanian e/ al 
(1998) have recently studied the corrosion inhibition behaviour of morpholine and its three 
salts such as morpholine carbonate, borate and phosphate Of these morpholine and its 
caibonate exhibited 90 and 85% IF, ranee while other salts iid\Q less tlian 40% 11-
4 5 7 
In inc piLocnt study we liavc studied the inhibiting piopeities ot si\ vapoui phase mhibitois sucli 
as - 4 amino- 5- meicapto- 3-prop\l- 1, 2, 4- tiiazole (AiMPT), 4- amino- 5- meicapto- 3-
piop>l- 1, 2, 4- triazole phosphale(AMPTP), 4- amino- 5- mercapto- 3-propyl- 1, 2, 4- triazole 
cinnamate(AMPTC), 4- amino- 5- mercapto- 3-propyl- 1, 2, 4- triazole nitrobenzoate(AMPTN), 
4- amino- 5- mercapto- 3-propyl- 1, 2, 4- triazole maleate (AMPTM) and 4- amino- 5- meicapto-
3-propyl- 1, 2, 4- triazole succinate (AMPTS) on mild steel, brass and copper. 
EXPERIMENTAL 
Vapour phase corrosion inhibitors were prepared by the reaction of carbonyls and oiganic 
heterocyclic bases. Figure -1 shows the molecular stiuctuies of the synthesized VCIs. 
C3II7 
N- N 
C3H7 Y SH 
NH2R 
(A) (B) 
Figure 1. Molecular Structures of the Vapour Phase Corrosion Inhibitors. (A) 4- amino- 5-
mercapto- 3- propyl- 1,2, 4 triazole, (B) 4- amino- 5- mercapto- 3- propyl- 1,2, 4 triazole 
derivatives, I. AMPTP R = Phosphoric acid , 2. AMPTC R = Cinnamic acid, 3. AMPTN 
R = Nitrobenzoic acid 4. AMPTM R = Malcic acid, 5. AMPTS R = Succinic acid 
Weight loss experiments were carried out in presence and absence of inhibitors at vaiious 
concentrations, using tight fitting rubber cork jars. The mild steel specimens were suspended in 
these bottles by nylon tags and just below these specimens, weighed VCIs samples were kept at 
313 ± 5 K for 30 days to allow for continuous condensation of moisture on metal specimen. 
Potentiodynamic polarization studies were performed using an EG & G PARC potentiostat / 
Galvanostat (Model 173) and X-Y recorder (Model RE0089). The cell assembly consisted of mild 
steel as a working electrode, a platinum foil as counter electrode and a saturated calomel electrode 
(SCE) as the reference electrode. All experiments were carried out in IN Na2S04 solution as 
electrolyte (Rosenfeld et al ,1964). 
RESULTS AND DISCUSSION 
Weight Loss Measurements 
Coiiosion paiameteis such as inhibition efficiency (IE) and coiiosion late (CR) obtained horn 
weight loss studies aie given m Table 1 All VCIs have shown good inhibition efntiencies whieh 
may be attiibuted to the toimatior. oi a ph\sical bamei between metal and coiiosive enviionmenl 
b\ the iiiteiaetion ot metal and mhibitoi molecules llowevci, the chKeienee m (lieu mhib *iii<' 
4 5 8 
aclioii I an be explained on the basis oftiieir molecular structure 
r orrosion ;i inhibiting action of iriazole is attributed to the presence of Uuee nitrogen atoms in YWM 
In addiuon to this amino and mercaptyl (-SH) group present in the molecules also facilitatv-
adsorption of inhibitor molecules on the metal surface, hi the present investigation phosphate salt-. 
of triazole AMPTP has exhibited the best performance as corrosion inhibitors among all the 
studied compounds as it shows passivation of anodic sites of the metal surface. Good inhibition 
efficiency of Triazole cinnamate (AMPTC) can be explained due to presence of an additional r: 
bond between carbon atoms (- C = C -) which further facilitates greater adsorption of cinnamate 
on the metal surface as compared to other inhibitors thereby giving high inhibition efficiency. The 
corrosion inhibiting action of the nitrobenzoates is attributed to the presence of nitro group, 
aromatic ring and carboxylate anion. Better inhibitive action of maleate as compared to succinate 
is attributed to tlic presence of double bond between -C=C- atoms through which they adsoil) 
more strongly than succinate. All compounds have shown best inhibition efficiency in mild steel 
and least inhibition efficiency for copper. 
Table 1 Weight Loss Parameters Obtained from Different Cone, of Vapour Phase 
Corrosion Inhibitors at 313 K and 100% Humidity for 30 Days for Mild Steel, Brass and 
Copper. 
luli i . Cone. 
(ppni) 
Mild steel 
Blank 
AMPT 
250 
500 
750 
1000 
AMPTP 
250 
500 
750 
1000 
AMPTC 
250 
500 
750 
1000 
AMPTN 
250 
500 
750 
1000 
AMI 'TM 
.^50 
500 
750 
1000 
Weigh! loss 
t'ng) 
38.5 
2.1 
1.7 
0.7 
0.6 
0.6 
0.4 
0.2 
0.1 
1.2 
0.7 
0.5 
0.4 
1.0 
0.7 
0.6 
0.3 
1.4 
0.8 
0.5 
0.4 
IE 
(%) 
--
94.54 
95.58 
98.18 
98.44 
98.44 
98.96 
99.48 
99.74 
96.88 
98.18 
98.70 
98.96 
97.40 
98.18 
98.44 
99.22 
96.36 
97.92 
98 70 
98 96 
CK 
( n u i i j j y X 10"^) 
59.5 
3.25 
2.63 
1.08 
0.93 
0.93 
0.62 
0.31 
0 .16 
1.86 
1.08 
0.77 
0.62 
1.55 
1.08 
0.93 
0.46 
2,17 
1,24 
0,77 
0 62 
5 9 
A)M1>TS 
250 
500 
750 
1000 
0.6 
0.5 
0.3 
0.2 
98.44 
98.10 
99.22 
99.46 
0.93 
0.77 
0.46 
0 . 3 ! 
Brass 
l i lank .2.0 7.1 
AMPT 
250 
1000 
0.3 
0.2 
97.50 
98.33 
0.43 
0.29 
AMPTP 
250 
1000 
0.: 
0.1 
98.33 
99.16 
0.29 
0.14 
AMPTC 
250 
1000 
0.6 
0,2 
95.00 
98.33 
0.86 
0.29 
AMPTN 
250 
1000 
0.8 
0.2 
93.33 
98.33 
1.14 
0.29 
AMPTM 
250 
1000 
0.9 
0.3 
92.50 
97.50 
1.28 
0,43 
AMPTS 
250 
)000 
0.6 
0.2 
95.00 
98.33 
0.86 
0.29 
Copper 
Blank 9.7 3.20 
AMPT 
250 
1000 
0.5 
0.3 
94.85 
96.90 
0.68 
0.41 
AMPTP 
250 
1000 
0.3 
0.2 
96.90 
97.94 
0.41 
0.27 
AMPTC 
250 
1000 
0.7 
0.3 
92.78 
96.90 
0.95 
0.41 
AMPTN 
250 
1000 
0.5 
0.2 
94.84 
97.94 
0.68 
0.27 
AMPTM 
250 
1000 
0.6 
0.2 
93.81 
97.94 
0.82 
0.27 
A.MPTS 
250 
1000 
0.4 
0.3 
95.87 
96.90 
0.54 
0.41 
460 
Po(cii(io(luiiiinic Polarization Studies 
The various electrocliemical parameters sucii as corrosion current density (IcoJ, corrosion 
potential (E.orr) and IE are given in Table - 2. It is evident from the results that W value ol all 
inhibited mild steel coupons are lower than uninhibited mild steel coupons. The maximum 
decrease in Ico,t value is seen with AMPTP at 1000 ppm concentration. Figure 2 (a-c) show tlie 
• 3 0 0 
- 4 0 0 -
- 5 0 0 -
• 6 0 0 
- 7 0 0 
-150 
(b ) 
• 2 5 0 
- 3 G 0 -
-( .50 
C u r r e n t d e n s i t y AJ A c i n " ^ 
Figure - 2. J'otentiodyiiatnic Polarization Cur\'es Inhibited With 1000 [)pni Different of 
Vapour Phase Corrosion Inhibitors For (a) Mild steel, (b) Brass (c) Co[)per. I.P>laiik. 2. 
AMPI 3. AMPTP, 4. AMPTC, 5.A.MP1 N, 6. A M P T . M , 7. AMP'l S 
461 
I dt'cl pluis obtained from dilTcrent inhibited coupons in presence of IN Na2S04 electiolyte for 
mild steel , brass, copper and zinc. It is clear from the figures that all the inhibitors studied have 
shifted the corrosion potential of all metals significantly to noble direction indicating that they are 
predominantly anodic inhibitors. 
Table 2: Potentiodynamic Polarization Parameters Obtained From of Vapour 
Pliase Corrosion Inhibitors for Mild Steel, Brass and Copper. 
Iniii. Cone, 
(ppm) 
F 
(mv) 
•icorr 
(niA cm' ) IE (%) 
Mild s teel 
Clank 
A M P T 
250 
500 
750 
1000 
A M P T P 
250 
500 
750 
1000 
A M P T C 
250 
500 
750 
1000 
AMPTN 
250 
500 
750 
iOOO 
AMPTM 
250 
500 
750 
1000 
AMPTS 
250 
500 
750 
1000 
•562 
-480 
-466 
-450 
-472 
-400 
-410 
-408 
-378 
-404 
-406 
-390 
-408 
-406 
-430 
-444 
-426 
-446 
-430 
-428 
-434 
-438 
-442 
-440 
-452 
0.25 
.040 
.032 
.026 
.020 
.020 
.014 
.012 
.008 
.032 
.028 
.020 
.010 
.034 
.030 
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.012 
.038 
.028 
.024 
.014 
.036 
.030 
.028 
.018 
84.00 
87.20 
89.60 
92.00 
92.00 
94.40 
95.20 
96.80 
87.20 
88.80 
92.00 
96.00 
86.40 
88.00 
89.60 
95.20 
84.00 
88.80 
90.40 
94.40 
85.60 
88.00 
88.80 
92.80 
Brass 
Blank 
AiMPT 
250 
1000 
A M P T P 
250 
1000 
-340 0.20 
-316 
-33S 
-264 
-246 
.030 
.028 
.018 
010 
85 00 
86.00 
91.00 
9 5 00 
A M l ' l C i 
250 
1000 
AMl'TN 
250 
1000 
AMPTM 
250 
1000 
AMPTS 
250 
1000 
Copper 
inanK 
A MPT 
250 
1000 
AMPTP 
250 
1000 
AMPTC 
250 
1000 
AMPTN 
j 250 
i 1000 
AMPTM 
250 
1 1000 
1 I 
AMPTS 
250 
1000 
1 
-300 
-284 
-310 
-290 
-310 
-304 
-296 
-274 
-190 
-120 
-90 
-126 
-1 10 
-136 
-120 
-140 
-138 
-164 
-150 
-150 
-110 
46i2 
.012 ' 
.018 
.014 
.024 
.016 
.026 
.018 
0.16 
.036 
.018 
.026 
.008 
.030 
.010 
.032 
.012 
.034 
.014 
.024 
.020 
92 00 
94 00 
1 i 
1 
91.00 j 
93.00 1 
88.00 
92.00 
87.00 
91.00 
--
77.50 
88.75 
83.75 
95.00 
81.25 
93.75 
80.00 
92.50 
i 78.75 
91.25 
85.00 
87.50 
Mechanism of Corrosion Inhibition 
The VC] molecules can inhibit corrosion of metals in various wavs: 
1. By saturating the space with their vapours and reducing the relative humidity below tlio 
critical value Golianitsky et al. (1958). 
2. By alkalizing the medium to pH values at which the rate of corrosion beconies significant!-. 
low Backer <?/• a/. (1954). 
3. By producing a high ohmic resistance on the metal surface which reduces the conosion 
current to a minimum value Kohler and Braun (1954), 
4. By rendering the metal surface hydrophobic thereby preventing the reaction of metai uith th '^ 
environment Hackerman and Sudbury (1950). 
4 6 3 
CONCLUSIONS 
1. All the investigated compounds acted as efficient vapour phase corrosion inhibitors for all the 
metals. 
2. Triazole phosphate exhibited best performance among all the studied compounds for all the 
metals investigated. 
3. All the compounds acted predominantly as anodic inhibitors. 
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Corrosion inhibition by fatty acid triazoles for mild steel in formic acid 
M A QURAISHI* and T A \NSAR1 
Conoston Reseaich Laboialoi) Depai tiiKiit of 4pplit<l Chcinisii \ /•lui/ln ol I iii^iiicii iii'^ and I ( Jinoh i lliu/i i 
\4usl,m Unnetsm Aligaih - 202 002 (UPj India 
f*outhoi foi xonespondeiuc email nuicpiiaislu ci wdiffnicul loiii) 
R~XLt\i.d ;•> A u ^ u ^ l : ! 0 0 ; ii.i.i.pii.il 111 K v i M i i l o i m : s l i i u i i i N 200 
Ke\ uoids fatl\ acid triazoles formic acid inhibition mild Ntetl 
M)str.i(.t 
5-Heptadec-S-en\l-4-phenyl-4H-[! 2.4] tuazole-Vthiol (HPTT) 4-plien>l0 undecyl 4H [1 2 4j ti i i/ol^ 1 llii 1 
(PUTT) and 5-dec-9-en\l-4-phenyl-4H-[l 2 4] triazole-3-thi(.il (DPTT) were synthesized and their influence o 
the inhibition ol coirosion ol mild steel in 20% foimic acid uas uncstigated by v.eight loss and poteniiodvnamiL 
polarization techniques The inhibition efhcicnci ol these coinpoun(.ls was found to vaiy with llitir iiiltiit and 
conLcntration. teniperatuie and immersion time The \akies ot actuation cncigv and lice LIKIU\ ol atUoipiion I 
the triazoles were calculated to investigate the mechanism of coiiosion inhibition Good inhibition efhciciicN 
(>90%) was found e\en at lower concentration (i e 25 ppm) in acid solution The adsorption on mild sttel suifacts 
was found to obe> Temkin"s adsorption isotherm Potcntiod\namic polarization results rc\eakd that tliL. 
compounds studied aie mixed t>pe inhibitois Elcctiochemicai imped UKC spoLlioscop> was also us(,d l( nntsiiL. IIL 
the mechanism of the corrosion inhibition 
1. Introduction 
A variety of organic compounds containing heteroatoms 
such as O, N, S and multiple bonds in their molecule are 
of particular interest as they give better inhibition 
efficiency than those containing N or S alone [1-5] 
Most research on corrosion inhibition of metals luis 
been done m mineral acids Despite the importance ol 
organic acids in industry, few corrosion studies invoh-
mg these acids [6-9] have been made However, at high 
tempeiatures these acids can dissociate, forming more 
aggressive ions that can cause faster corrosion than 
might otheiwise be expected In the fabiication o( 
reaction vessels, storage tanks, etc mild steel is used m 
the manufacture and use of formic acid Formic acid is 
the most corrosne of the common oiganic acids In 
pie\ious woik we ha\e studied the eflect ol a lew fait\ 
acid den\at i \es on the coiiosion inhibition ol mild steel 
in acidic solution [10-12] In the present investigation we 
report the influence of three fatty acid triazoles namel\ 
5-heptadec-8-en\l-4 phenyl-4H-[l 2 4] tria/ole-3-thiol 
(HPTT) 4 phen\l-i undc(.\l 4H [I 2 4] tiuzoie-Vthiol 
( P L I T ) >-dcc-9-cn\l-4-phen\l 4H (1 2 4] t m / o l c ' ; 
thiol (DPTT) on the coiiosion inhibiiion ol mild SILCI 
in 20"0 formic acid 
These latt\ acid triazoles were chosen because the\ 
arc moie eiiMionmentallv benign ha\e low to\icit\ and 
aie moie cost ellci-tixe than petioleum based piodviLts 
buithei thc\ possess nonboiidmg election p u i s on UK 
nitrogen atoms .idditional to the n clcciions of tn^ 
f5hen>l and tiiazole rings and rcadiK polaii /abk SLIIILII 
atoms that tend to induce greatei adsorption of thi. 
compounds on the metal surface leading to higher 
efhciencv 
2 Experimental details 
X'.eight loss experiments were peilormed with cola 
rolled mild steel strips of si/c 2 cm x 2 ^ cm x 0 2"^  ^ i 
having composition (wt "/o) 0 14' o C 0 •^ "^ ' o Mii 
0 17% SI 0 025" S 0 0^% P bilancc Ic as p i 
standaid method [Pi] hoimit acid (Mtick) ol AR gi i k 
was used for preparing solutions Double distilled w iiti 
was used to piepaie 20% solutions The inazolcs 
fatt\ acid wcie s)nthesized as described b\ kituii LI i 
[14] .ind ch.iiacleii/od by then inliaicd sptLli i ami li L 
purities ol the compounds vveie clKcked li\ thin I I \L I 
chromatograph\ The names and molecuiar struciurt t I 
the compounds are gi\en m Table 1 
Potentiod\namic polaiization studies WLIL Lairied ^ i 
Using An FGi'^G P \ R (modtl J?"*) poitni osi ii ^ u 
iiosl il .1 iiu>i.kl I 7s bnivcis il pio^i nniiKi iiul MHO 1 
RE00S9 X \ lecoider A platinum loil was us^d is i ^ 
au\iliai\ electiode a satuialed calomLJ Lltiiiodt as 
reference electiodc and mild steel as tiiL woikii _ 
L.^IKXIL \I1 iliL LxpciimLiils weie Liiiinl ml i i 
L s l U l l t L l l i p c l l l U l L o l 2 ( ) _ 2 C l l l d 1 L ID I II 
4 6 5 
/ N 1 I sll 1 1 K I I K d I cs I 
S \ i bllULlUU Oe<;ieuiUon and abbrt-MUion 
N ^ 
A X 
C H J - ( C H 2 ) - C H - < : H ( C H 2 > 7 ' ' ^ N SH 
lupl Kill s u n l 4 I h u n l 411 [1 : 4) iii i/ K ihiol iHPTTI 
N N 
CH^(CH2) |o ' ' ' ^N '^SH 
N N 
A A 
CH2=CH-(CH2)8^'^N SH 
4 PliLinl ^ udCLMil 4H-[1 2 4] trnzole < thiol (PLTT) 
i Dec 9 en\l 4-phen\l 4H-[1 : 4] tnazole "^  thiol (DPTT) 
I niV s ' at o c p The polanzatioii cuivcs were ob 
lamed alter immersion of the electiode m the solution 
until d steady state was reached 
Impedance measurements were perlormed for the 
mild steel in 20% formic acid at 26 ± 2 °C in the 
absence and presence of 100 and 500 ppm of DPTT at 
/^,„i. Willi the a c voltage ampliliide 5 mV in the 
Irequency range 5 Hz-100 kHz A time interval ot a 
few minutes was given for the open circuit potential 
( o c p ) to read a steady value All the measurements 
WLK eaincd out with .m EGc<LG PAR (model 27'iA) 
polciitiostat/g.ilvaiioslat, and an CO^^G P \ R (modtl 
i'>01A) lock-m amplifier, using an IBM computer 
3 Results and discussion 
3 1 Weight loss 
Figure 1(d) show the variation of inhibition eJhcienc> 
with inhibitor concentration The inhibition efticiencv 
was obtained I rem weight loss measuiements at difterent 
tnazole concentrations at 30 °C The percentage inhibi-
tion efficiencv (C|F) and surface coverage (0) ot each 
concentration were calculated using the tollov\ing eqm 
lions 
c,i = ^ - — y 100 
' ( I 
(1 
(2) 
w h ^ l ^ l IIH.1 ( UL ihi. 1.01 lOMOll 1 l i e s 111 1 L ' K L l iu ' 
PILSLIIC^ Ol I l lh lb l tOIS I t s p c L l l \ L l \ I h t l l h l l l l l O l (_lll 
(.iLiK\ lor ill the compounds iiicit ISLS with IIILK ist in 
coiKcntration The maximum C'IE of each compound 
was achieved at 500 ppm Schmitt [15] and Quraishi 
et al [16] reported that a mixture of nitrogen and sulfur 
containing compounds are better inhibitors than either 
type alone The compounds studied contain both 
nitrogen and sulphur atoms, hence they exhibit good 
perloimance {t'n. >94%) on the corrosion of mild steel 
in 20% forniic acid, even at low concentration 
The variation of inhibition efficiency with increase in 
acid concentration is shown in Figure 1(b) It is clear 
that these compounds are good corrosion inhibitors 
puniding greater than 90% inhibition etliciency over the 
acid range from lO'/o to 30% 
The variation of inhibition efhciencv ot all the three 
latty acid tnazoles with immersion time is shown m 
Figure 1(c) Increase in immersion time from 24 to 96 h 
show no signilicant change in inhibition ethciencx 
The influence of temperature at maximum concentra-
tion (i e , 500 ppm) on eiE is shown in Figure 1(d) The 
inhibition efficiency decreases slightlv with increase in 
temperature from 30 to 50 °C which may be attributed 
to desorption ot the inhibitor molecules from the metal 
surface at higher temperature 
The values of activation energy (EJ were calculated 
using the Arrhemus equation [17 18] 
l n ( -
v ' l RTiTi 
where / | and /2 are corrosion rates at temperature T[ 
and 7^ icspective!} ST = T^ - 7 | The free enerCN ot 
idsoiplion (Ad , 1 ) \\ diflLH-iit ttrnptr uuros w is c iku 
i iti.d li o m lliL i.qii i l io i i [ l ' ' | 
AG I = RT]n (DS S K) (4I 
4 6 6 
100 
9 9 
98 
9 7 
9 6 
9 5 
O 
c 
e 
c 
o 
c 
2 5 50 100 300 5 0 0 
Inlii Cone / ppm 
2^ 48 72 95 
Time/h 
100 
99 
9 8 
97 h 
96 
95 (b) 
WA- X 
10 2 0 30 
Acid Cone / % 
100 
40 50 
Temp l°C 
Fig J Variation of inhibition efficiency with (a) inhibitor concentration, (b) acid concentration (c) immersion tmK uu (di solutio 
temperature, in 20% formic acid (I) HPTT, (2) PUTT, 0) DPTT 
wheie A" = O/C (\ - 0). 0 ib the degiee ol surface 
coverage on the metal surface, C is the concentration 
of inhibitor (in mol 1~') and K is the equihbnum 
constant. The values of E, and AG,,j^ aie given in 
Table 2 E^ values foi inhibited systems are highei than 
those of uninhibited systems, indicating that all the 
inhibitors are more effective at room temperatuie [20] 
The low and negative values of free energy of adsorption 
(AG.HIO indicate spontaneous adsoiption of the inhibitoi 
on the mild steel suiface [21] The values of AG ^K IOI all 
Table 2 Actisation energ\ {E^) and free energ> of adsorption (AGadJ 
for mild steel in 20% formic acid in the absence and presence of the 
inhibitor of 500 ppni of various inhibitors 
S\siem 
20° 0 rormii . and 
HPTT 
PUTT 
DPTT 
kJ mol ' 
SI 2S 
70 4S 
71 •i2 
61 44 
-AC,J , 
kl mol" 
10 °C 
1(1 Ss 
16 12 
38 79 
40 °C 
17 2S 
IS 87 
19 62 
S O X 
17 99 
19 2 s 
40 42 
the compounds aie ^ - 4 0 kJ mol ' indicating ph>sieai 
adsorption of the inhibitor molecules [22] and the 
negative values also suggest a stiong mteraiiion of ih 
nihibitoi molecules on the mild steel sin lace [2^] 
3 2 AcLoipiioit isoihciDi 
The mechanism of corrosion mhibilion nia\ be e'> 
plained on the basis of adsorption behavioiii [4] TIIL 
degiees ol siulacc coveiagc (0) loi dillciLiii iiihibiio 
concentialions were evaluated by the wcighi loss mcih 
od Data were tested graphically b\ fitting to various 
isotherms A plot of 0 against log C was linear (Fig 
ure 2) suggesting that the adsoiption ot the com 
pounds on to the mild steel sin lace lollous tht 
Tenikin adsorption isotheini The Tenikin isolhern 
equation is 
PC = c\p{aO) 
1 - c \p | -o ( l - ())] 
wheie [) = (I 55 5)[e\p-(AC,,K /^/i] G,j , is the I K . 
energv of adsorption, 0 the suitace co\ci igc C liu 
2^6 
46? 
•r 
1 i 15 18 2 0 22 26 26 28 
log (C/ppni) 
lit; _"• Itmkms ulsoipuon isotlicrni plot loi Ihu idMnptioii ol 
viiKuis intiibitois 111 20"n lorniit .n.id on the surface of mild stcti 
(I) HPTT (2) PUTT 0) DPTT 
W 500 
0 0 0 0 1 OCOI 001 01 10 10 
Current densit\ I/mA cm 
/ii; '• 1 li.i.liin.lii.iiiiL,il pohriAition mrsf-. tor (hi. LorroMon ol mild 
steel 111 20'o lorniie .leid in the abbenee and prevenee ot ^00 ppm 
conccnirition of various inhibitors (!) 20''o formicactd (2) HPTT C) 
PUTT (4) DPTT 
coiKciUiiition ol iiiliibitor, a the moln-iiKii imciaLtioii 
constant, and tor « > 0 attraction and lor i^ ; < 0 = > 
repulsion 
^ ^ Folcnliocl] naniu polanzation 
Polentiodynamic anodic and cathodic polarization 
scans were carried out in 20% formic acid for diflercnt 
fatty acid tiiazoles at 26 ± 2 °C The various electro-
chemical parameters cd\cu\dled from Tafel plots are 
given in Table "^  The lower corrosion cuiient density 
(/corr) values in the presence of the tna7oles, without 
causing signihcant changes in corrosion potential (^torr)-
/?, (anodic Tafel slope) and h^ (cathodic Tafel slope), 
suggest that lliey aie mixed type inhibilois (Figuie )^ 
I he ni.ixmnini deciease in /^,„, was obsened loi DPI 1 
(5 dcc-9 eiiyl 4-piien> 1-411 (1 2,4) ti la/olc-Vlhiol) 
3 4 Llcclioilumica! inipedance 
I liL clecliic.il e(.|uiv,ilcnl ciimit lot the s^,^tenl l^  shown 
in } iguie 4 Impedance diagiams obtained loi the 
frequency range 5 H/-100 kHz at /T^ on 'oi mild steel 
in 20% formic acid are shown m Figuie 5 The 
impedance diagrams are not perfect semicircles and this 
diflerence has been attributed to frequency dispersion 
[24] 1 he values ol A', and C ji weie obtained uMiig the 
N^qiiist and Bode plots respcctivel> [25] Peitentage t'n 
was calculated usiim the lollowinsz 
Cdi 
Rn 
— V W A / W W ^ 
Ro 
Ffv •/ EJecdieal eqni\alent cira»( /or the sistem (RQ uncompensated 
reMvl.iiKC Rf, polan7ation rcM t^anee and Cji double la\er capaei-
lai iec) 
( 1 / /?„ , ) - ( ! / /?„ ) 
( l / ^ , o ) 
X 100 (6) 
whete A,o and A\, .lie the charge transler resistance 
without and with inhibitor, respectively, and are given in 
Table 4 Values of /?, increase with increase in inhibitor 
concenliation (DPTT) and this, in tuin. leads to an 
inciease in cn The addition of DPTT to 20"/o formic 
acid loweis the Qn \alues. suggesting that the inhibition 
can be attiibuted to surface adsorption [26] 
3 5 Mi'iluinisii! of (.ono^ion inhibition 
The corrosion ol mild steel in nonaqueous and aqueous 
solution may be considered in the following steps [9] 
I ill I 1 I kcli tliLmiL il iH'l in/ iin n p ir IIKILI^ OI IIK 
^ til us luhibiti I s 
I iiiiiil siLel in 20 lornii. leid in the ib^enee and preitneo ol ^00 ppm ol 
S\siLm 
Nl 1 Ol inK K id 
1 i n 1 
PI 1 1 
DIM 1 
/, 
m \ 
116 
11) 
-((12 
42(1 
/) 
mV 
fs 
(11 
"0 
(4 
dee Ide ' 
'\ 
m V d 
KM 
12(1 
120 
1 12 
ceade ' 
/err 
m \ cm~" 
0 5Mi 
(1 1(11 
(10(2 
0 (146 
e\f 
0 
M 2s 
s2 2s 
S6 ss 
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l iO 
-
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/ 
^^ /\ 
/ 
yy 
y ^ 
- ' " " " " " - ^ 
X 
\ 
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\ 
l " fruf7oles ml-
e ' 
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^ 2 
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_ --^  
(b) 
Fig i (a) Nvquist plot and (b) Bode plot for mild steel in the absence 
and presence of various concentrations of DPTT (I) 20% formic acid 
C) 100 ppm and (^) SOO ppm 
Tab]e 4 Electrochemical impedance parameters for the corrosion of 
mild steel in 20% formic acid containing different concentration of 
DPTT at room temperature 
Concentration 
/ppm m cnr //I F cm" 
''IE 
/% 
TITJ ft'lc^7bles inhibit ihc LO'lOsioii o c m i illmj hi li 
the aiKulit and Laliicxlit leaLiions In KK ^ sM^nol^ 
Ihese conipounds L\ISI as pioloni lni sp LI^ N 1 n^  
piolonali-d spcciLs adsoib on IIK C UIUHIIC MILS OI II ^ 
mild steel and deciease the evolution ol hvdio^tn 1 IIL 
adsorption on anodic sites occurs through the r elet 
tions ofaiomatic iings and the lone p in ol elections o\ 
nitiogen and suifui atoms uhich decicase the anodic 
d i s s o l i i l i o n A m o n g t h e L o n i p o i i n d s Mivcsli^ i l cd D I M I 
has been lound to give tlie best pti !oi m ineL s 
corrosion inhibitoi This can be explained on the basis 
of the presence of polar groups, as well as thiough the 
7t-electrons of the double bond This leads to giealei 
suilace covciagL tlKieby gning liiglKi minbilion clli 
cieiKN HPTT, containing moie than 10 caibon atoms m 
the side chain and an internal double bond at position is 
showed lowest inhibition efficiency, because compounds 
containing more than 10 carbon atoms have decreased 
solubility and incicascd slciic hiiidiaiKc to adsoiplion 
[27] 
4. Conclusions 
Fatty acid tiiazoles show excellent pcilormancc as 
corrosion inhibitors in formic acid media All the 
triazoles acted as efficient corrosion inhibitois over a 
wide acid range, that is, 10% to "^0% formic acid 
solutions They inhibit coriosion ol mild steel in formic 
acid by an adsorption mechanism, which follows the 
Temkin adsorption isotherm 
20° 0 Formic acid 
DPTT 
100 
sOO 
7.S00 
'00 00 
77S s9 
1862 09 
29 s 80 
2sS 22 
~ 
S9 2'! 
90 1 s 
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Abstract 
Selected thiourea derivatives have been synthesized and evaluated as corrosion inhibitors of mild steel in 20% formic acid by weight 
loss and potentiodynamic polarization methods All of these compounds have shown very good inhibition efficiency (IE) in the formic 
acid. IE of these compounds has been found to vary with the concentration of the compounds, solution temperature, immersion time and 
concentration of the acid solution. The adsorption of these compounds on the steel surface from the acid has been found to obey Temkin's 
adsorption isotherm. The values of activation energy (£,) and free energy of adsorption (AC^is) indicated physical adsorption of these 
compounds on the steel surface. The potentiodynamic polarization studies revealed that all the compounds are mixed type inhibitors 
® 2002 Elsevier Science B.V. All rights reserved. 
Keywords: Mild steel; Potentiodynamic polarization; Temkin's adsorption isothenn; Thiourea derivatives 
1. Introduction 2. Experimental 
Thiourea and its derivatives have been studied for more 
than four decades because they inhibit the corrosion of steels 
and are superior to amine-based inhibitors in acid media 
[1,2]. A survey of literature reveals that no work has been 
reported on thiourea and its derivatives on the corrosion of 
mild steel in formic acid. 
Corrosion studies on metals in organic acid solutions 
are scarce in comparison with similar studies in mineral 
solutions [3-6]. Mild steel is used in fabrication of reac-
tion vessels, storage tanks, etc. by industries, which either 
manufacture or use formic acid as reactant. 
In the present investigation a few thiourea derivatives 
namely, phenyl thiourea (PTU), tolyl thiourea (TTU), 
diphenyl thiourea (DPTU) and dilolyl thiourea (DPTU) 
have been synthesized and studied for their inhibiting prop-
erties on mild steel in 20% formic acid. The selection of 
these inhibitors are based on the fact that these can be 
synthesized conveniently from relatively cheap raw mate-
rials and presence of electron on phenyl and nitrogen and 
readily polarizable sulfur atoms is likely to induce greater 
adsorption of the compound on (he surface leading to higher 
efficiency 
• Corresponding author Tax +9\ 571 7(M .528 
r, mail (UIJK \\ rn.iqnraishi(? icdiUnijil com (N1 A Quraishi) 
2.1. Material preparation 
Analytical grade formic acid (MERCK) and doubled dis-
tilled water were used for preparing test solutions for all the 
expenments. The compounds were synthesized in the labora-
tory from the indigenous chemicals, they were charactenzed 
through their spectral data and their purity was confirmed 
by thin layer chromatography (TLC). Name and structural 
formulas of thiourea derivatives are given in Table I. 
2.2. Weight loss measurement 
The experiments were earned out using cold rolled mild 
steel The mild steel coupons of size 2.0 cm x 2.0cm x 
0 025 cm having composition, (Wt %) 0 14% C, 0 35% Mn. 
0.17% SI, 0.0259b S, 0.03% P and balance Fe was used 
for weight loss measurement studies The expenments w ere 
performed as per ASTM method descnbed previousK [7] 
2 3 Electrochemical measurements 
For potentiodynamic polanzation studies, mild stee. 
stnps of same composition coaled vMth lacquer with An ex-
posed area of 1 Gem- weie used and the evperiments ue,^ 
caiiiec! out al teniperatuie (26 n_ 2 C) i'otemii)d\n in 
(i:s4 1)-)S4 (|Vs, _ SIC I ,,nl imlur ij 2 /'C I Urn 
Pll SO^s ) (ISS-liOniOO I "id \ 
S l i m I B \ 
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Table 1 
Names 
S no 
1 
2 
3 
4 
and structures of the inhibitors used 
Structure 
, , S 
/ — \ " 
<v / V - N H - C - N H 2 
CH3 
Ml " (y / ) — N H - C - N H 2 
/^ =^ s 
C )>—NH-C-NH-
CH3 H-
\s > - N H - C - N H -I 
' \ 
} 
Name and 
abbreviation 
Phenyl thiourea 
(PTU) 
Tolyl thiourea 
r m j ) 
Diphenyl thiourea 
(DPTU) 
Ditolyl thiourea 
(DTTU) 
polarization studies were carried out using an EG & G 
Princeton Applied Research (PAR) Model 173 potentis-
tat/galvanostat, a Model 175 universal programmer and a 
Model RE0089 X-Y recorder. A platinum foil was used as 
auxiliary electrode and a saturated calomel electrode (SCE) 
was used as reference electrode. 
3. Results and disctission 
3.1. Weight loss studies 
The effect of concentration of IE is shown in Fig. 1. It is 
seen that all of these compounds inhibit corrosion of mild 
steel in 20% formic acid at all concentration under study. 
It is observed that all of these compounds inhibit corrosion 
of mild steel in 20% formic acid solution upto 300 ppm on 
increasing the concentration they precipitate in the solution. 
The influence of temperature on IE for DTTU at 300 ppm 
of concentration at 48 h of immersion time is shown in Fig. 2. 
It is observed that the IE increases slightly with the increase 
in temperature from 30 to 50 °C. The increase in IE at higher 
- 99 
u 
98 
*-— 
-
C,^ 
. i — ' 
1 
k 
1 
30 AO 50 
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Fig 2. Variation of IE with solution temperature in 20% formic acid for 
300 ppm concentration of DTTU. 
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Fig. 3. Variation of IE with immersion time in 20% fonnic acid for 
300 ppm concentration of DTTU. 
temperatures indicates that the inhibitor is more effective at 
higher temperature upto 50 °C. 
Fig. 3 shows the variation of the DB for DTTU at 300 ppm 
with immersion time. It is found that BE of DTTU decreases 
as on increasing immersion time from 24 to 96 h. 
The effect of acid concentration of formic acid for 48 h of 
exposure at 300 ppm of DTTU on IE is shown in Fig. 4. It is 
found that with increase in concentration of formic acid the 
IE initially increases and attains a maximum value of 98.8% 
at 20% concentration of the acid and then, decreases to 
98.1% on further increase in the acid concentration to 30%. 
The values of activation energy (E^) obtained from 
Arrhenius equation [8] and free energy of adsorption 
)00 
2 0 0 3 0 0 
C o n c e n t r a t i o n ( p p m ) 
Fig ! Variation of IE with inhibiior concentration m 20% formic acid 
((1). PTU, (2). TTU, (1) DPTU. (4) DTTU)) 
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Fig 4 Variation of IE uiih acid concentration in 20% fomiic acid foi 
jOOppui concentration of DTTU 
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Tjblc 2 
Aclivalion energy (£,) and free energy of adsorption (AGadO for mild 
sleel in 20% formic acid in the absence and presence of the inhibitor 
Inhibitor concentration 
(ppm) 
20% Formic acid 
DTTU 300 
£ , (KJmol-i) 
17.73 
9.29 
ACad« 
30 °C 
36 95 
(KJmor 
40 °C 
38 29 
) 
SOX 
39 91 
(AGadJ calculated using the following equations are given 
in Table 2 
AG^d, = -RTln{55.5K) 
and K is given by 
ft 
K 
C{\-6) 
where 6 is degree of coverage on the metal surface, C con-
centration of inhibitor in rnol"', K equilibrium constant, R a 
constant and T temperature. It is found that the AGgds value 
is <40KJmol~' indicating that DTTU is physically ad-
sorbed on the metal surface [9]. The low and negative value 
of AGads indicated the spontaneous adsorption of inhibitor 
on the surface of mild steel [10,11]. It was also found that 
value of activation energy of the inhibited system (DTTU) 
was lower than that of uninhibited system. Putilova et al. 
[12] has indicated that this type of inhibitor is effective at 
higher temperatures. 
0.9 9 
0.9 7 
CD 0.95 
0.93 
0.91 
-
'^r I 1 1 1 1 1 r 1 
1.6 1.6 2.0 2.2 ( o g C ( p p m ) 
2.A 
Fig 5. Timkin's adsorption isotherm plots for the adsorption of various 
inhibitors in 20% fonnic acid, OQ the surface of mild steel ((1), PTU, 
(2), TTU; (3), DPTU; (4), DTTU)). 
3.2. Application of adsorption isotherm 
In order to understand the mechanism of corrosion in-
hibitor, the adsorption behavior of the organic adsorbate 
on the metal surface must be known [13]. The degree 
of surface coverage (fi) for different concentration of in-
hibitors in 20% formic acid has been evaluated from weight 
loss values. The data were tested graphically by fitting to 
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o 
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Table 3 
Elecuochemical poUnialion paramelers for ihe corrosion of mild sieel m 20% formic acid containing maximal concenlration of vanous inhibitors at 
26±2°C 
System (mV) fcj (mVdecade"') 6c (mVdecade-') 'con (niAcm -) IE ("c) 
Formic acid (lO'/o) 
PTU 
TTU 
DPTU 
DTTU 
- 4 1 6 
- 3 8 6 
- 4 0 2 
-404 
-412 
68 
66 
64 
68 
64 
104 
112 
108 
100 
106 
0 350 
0 035 
0 034 
0 022 
0018 
90 00 
90 23 
93 71 
94 86 
vanous isotherms. A straight hne was obtained on plotting 
9 versus logC (Fig. 5) suggesting that the adsorption of the 
compound from formic acid on mild steel surface follow 
Temkin's adsorption isotherm. 
3.3. Potentiodynamic polarization studies 
The potentiodynamic polarization behavior of mild steel 
in 20% formic acid in the presence and absence of different 
inhibitors at 300 ppm concentration is shown in Fig. 6. Vari-
ous corrosion parameters such as corrosion potential (Econ). 
corrosion current density (/corr). ''a (anodic tafel slope), b^ 
(cathodic tafel slope) and (%) IE are given in Table 3. It is 
observed that presence of thiourea derivatives lowers /corr. It 
is seen form the table that b^ and be values showed no signif-
icant change suggesting that thiourea derivatives are mixed 
type inhibitors and inhibit corrosion by blocking the active 
sites of the metal [14]. Maximum decrease in lam was ob-
served in case of DTTU indicating that DTTU is most effec-
tive corrosion inhibitor among the studied thiourea. Similar 
trend was observed by weight loss method. 
The inhibition of corrosion of mild steel in the formic acid 
by the thiourea derivatives can be explained on the basis of 
molecular structure. It is seen from the Rg. 1 that IE follows 
the order. 
DTTU > DPTU > TTU > PTU 
The difference in order of their inhibitive action can be 
explained on the basis of their molecular structure. The ef-
fectiveness of a compound as corrosion inhibitor depends on 
the structure of the organic compound [15]. The adsorption 
of these compounds on the metal surface may occur through 
(i) interaction between lone pair of electrons of nitrogen 
and sulfur, (ii) interaction between ;r-electrons of C=:S and 
metal surface, (iii) interaction between the ;r-electrons of 
the benzene ring and metal surface. TTU gave better perfor-
mance as an inhibitor than PTU. This difference in IE can be 
explained on the basis of hyperconjugation effect of -CH3 
group DPTU gave better IE than TTU due to the presence 
of an additionl benzene ring which posses highly delocal-
ized ;r-electrons through which they can adsorb on the mild 
steel surfaces giving higher IE. Among the compounds used 
for this study DTTU gave best performance as an inhibitor 
because of both, the presence of an extra benzene ring and 
an electron releasing -CH3 group on benzene ring in the 
s.ime molecule 
4. Conclusions 
1. The thiourea derivatives behaved as excellent corrosion 
inhibitors in 20% formic acid. 
2. They inhibited the corrosion of mild steel in acid so-
lution by adsorption mechanism and the adsorption of 
these compounds on the metal surface obeyed Temkin's 
adsorption isotherm. 
3. All of the compounds behaved as mixed type inhibitors 
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AZATHIONES: NOVEL CLASS OF CORROSION INHIBITORS FOR 
MILD STEEL IN FORMIC ACID 
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Three azathiones namely, dimethyl-ietrahydro-azathione (DMTAT), ethyl-methyl-tetrahydro-azathione 
(EMTAT), cyclopentyl- tetrahvdro-azathtone (CPTAT) were synthesized to investigate their inhibiting actions 
on corrosion of mild steel (MS) in 20% formic acid by weight loss and potentiodynamic polarization 
methods All of these compounds have shown good inhibition efficiency (IE) in the fonnic acid Inhibition 
efficiency of these compounds has been found to vary with the concentration of the compounds, temperature, 
immersion time and concentration of the acid solution The adsorption of these compounds on the steel 
surface from the acid has been found to obey Temkin 's adsorption isotherm The values of activation 
energy (E ) and free energy of adsorption (AG^^ indicated physical adsorption of these compounds on 
the steel surface The potentiodynamic polarization experiments revealed that all the compounds are mixed 
type inhibitors 
Keywords Azathiones mild steel, potentiodynamic polarization, Temkin's adsorption isotherm 
INTRODUCTION 
The study of organic compounds as acid corrosion 
inhibitors is a subject of continuing interest due 
to its usefulness m several industries However, 
the selection of an inhibitor for a part icular 
system is a difficult task due to the specificity and 
selectivity of inhibitors and large varieties of 
corrosion systems [1] 
Corrosion studies on metals in organic acid 
solutions are scarce in comparison with similar 
studies in mineral a a d s [2-4] Mild steel is used 
in fabrication of reaction vessels, storage tanks , 
etc by industries, which either manufacture or 
use formic acid as reactant 
We report here the influence of three azathiones 
namely, dimethyl-tetrahydro-azathione (DMTAT), 
ethyl-methyl-tetrahydro-azathione (EMTAT), 
cyclopentyl-tetrahydro azathione (CPTAT) on 
corrosion of mdd steel in 20% formic acid The 
selection of these inhibitors are based on the fact 
t ha t these can be synthesized conveniently from 
relatively cheap raw materials and presence of 
* Author for corresponderice 
non-bonding electron pairs on rutrogen and readily 
polarizable sulphur atoms is likely to induce 
greater adsorption of the compounds on the metal 
surface leading to higher efficiency 
EXPERIMENTAL 
The weight loss experiments were carried out 
using cold rolled mild steel The mild steel sample 
of size 2 cm by 2 cm by 0 025 cm having 
composition (Wt%) 0 14% C, 0 35% Mn. 0 17% Si. 
0 025% S, 0 03% P and balance Fe were used for 
weight loss measurement studies The experiments 
were performed as per ASTM method [5] 
For potentiodynamic polarization studies, mild 
steel strips of same composition, coated with 
lacquer with an exposed area of 1 cm^ were used 
and the experiments were earned out at 
temperature (299 + 2 K) Potentiodynamic 
polarization studies were earned out using an EG 
L G Princeton Apphed Research (PAR) 
potentiostat/galvanostat (model 173), a universal 
programmer (model 175) and a X Y recorder 
(model RE0089) A plat inum foil v,?s u^ed i -
T27 
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auxiliary electrode and a sa tura ted calomel 
electrode (SCE) was used as reference electrode. 
Analytical grade formic acid (MERCK) and double 
distilled water were used for preparing test 
solutions for all the experiments. The inhibitors 
were synthesized in the laboratory following the 
procedure described by Lamon [6] and compounds 
were characterized through their spectral data and 
their purity was confirmed by thin layer 
chromatography (TLC). Name and s t ructural 
formulas of azathiones are ^ v e n in Table I. 
RESULTS AND DISCUSSION 
Weight loss studies 
The values of percentage inhibition efficiency (IE) 
and corrosion ra te (CR) obtained from weight loss 
studies are given in Table II. I t is seen tha t all 
of these compounds inhibit corrosion of mild steel 
in 20% formic acid at all concentrations under 
study. Maximum inhibition efficiency of each 
compound was achieved a t 500 ppm. The effect of 
concentration on inhibition efficiency is shown in 
Fig. 1. 
TABLE I: N..^c and structure of the inhibitors used 
Structure Name and abbreviation 
C H j N ^ C H j 
HN / \ N H 
I I 
CH 3 S ^ C J 1 3 
HN / \ N H 
Dimethyl-tetraiydro 
azathione (DMTAT) 
Ethyl-mcthyl4etiaiydro 
azathionc (BvITAT) 
Cyclopentyl-telm4iydro-
azathione (CPTAT) 
Fig. 2 shows the influence of temperature on 
inhibition efficiency for CPTAT at 500 ppm of 
concentration at 48 hours of immersion time. It is 
observed t ha t the inhibition efficiency increases 
with the increase in tempera ture from 303 to 
323 K. The increase in inhibition efficiency a t 
higher temperatures indicates tha t the inhibitor is 
more effective a t higher temperatures upto 323 K. 
The variation of the inhibition efficiency for 
CPTAT a t 500 ppm with immersion time is shown 
TABLE II: Corrosion parameters for mild steel in 
20% formic acid in absence and presence of different 
concentrations of various inhibitors from weight loss 
measurements at 303 K for 48 hours 
Inhibition 
efficiency 
(%) 
Inhibitor 
concentration 
(ppm) 
20% formic acid 
DMTAT 
100 
200 
300 
400 
500 
EMTAT 
100 
200 
300 
400 
500 
CPTAT 
100 
200 
300 
400 
500 
Corrosion 
rate 
(mmpy) 
13.36 
10.49 
9.68 
9.31 
9.09 
8.64 
9.77 
8.76 
8.06 
7.72 
7.48 
6.83 
4.33 
2.34 
1.45 
0.30 
21 
28 
30 
32 
35 
27 
34 
40 
42 
44 
49 
68 
82 
89 
98 
328 
476 
QURAISHI et al — Azathiones Novel class of corrosion inhibitors for iruld steel in formic acid 
TABLE \\\: Activation energy (Ea) and free energy of 
adsorption (AG.di) for mild steel in 20% formic acid 
in tlie absence and presence of the inhibitor 
Inhibitor -AG.d, (KJ mol"*) 
concn (ppm) (KJ mol'') 303 K 313 K 323 K 
20% 
Formic acid 
CPTAT 500 
17.73 — 
4.78 34.20 35.99 57.46 
e 
C (1 -G) (2) 
where 9 is degree of coverage on the metal 
surface, C is concentration of inhibitor in mole/1, 
K is equilibrium constant, R is a constant and T 
IS temperature . I t is found tha t the AG^ij^ value 
IS less t han 40 KJ/mol mdicaUng t h a t CPTAT is 
physically adsorbed on the metal surface [9]. The 
low and negative value of AG^j, indicated the 
spontaneous adsorption of inhibitor on the surface 
of mild steel [10]. I t was also found t h a t value of 
activation energy of the inhibited system (CPTAT) 
a 0.6 -
2 i, 26 
l o g C ( P p m ) 
Fig 5 Temkin s adsorption isotherm plots 
for the adsorption of vanous inhibitors In ' ' 
20% formic aad on the surface of mild steel 
(1) DMT AT (2) EMTAT (3) CPTAT 
was lower than tha t of uninhibited system 
Putilova [11] has indicated tha t this type of 
inhibitor is effective at higher tempera tures . 
Application of adsorption isotherm 
In order to unders tand the mechanism of corrosion 
inhibition, the adsorption behaviour of the orgamc 
adsorbate on the metal surface m u s t be known 
The degree of surface coverage (6) for different 
concentration of inhibitors in 20% formic acid has 
been evaluated from weight loss values. The data 
were tested graphically by fitting to various 
isotherms. A straight hne was obtained on plotting 
0 vs log C (Fig. 5) suggesting tha t the adsorption 
of the compounds from formic acid on mdd steel 
surface follow Temkin's adsorption isotherm. 
Potentiodynamic polarization studies 
The potentiodynamic polarization behaviour of 
mild steel in 20% formic acid in the presence and 
absence of different inhibitors a t 500 ppm 
concentration is shown m Fig. 6. Various corrosion 
parameters such as corrosion potential (E^^^), 
corrosion current density {i^„), b , (anodic Tafel 
slope), bg (cathodic Tafel slope) and %IE are given 
in Table IV. It is observed t ha t addition of 
azathiones lowers I „ „ values. I t is seen from the 
Table t ha t bg and b^ values showed no significant 
change suggesting t ha t azathiones are mixed type 
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Fig. 6 Potentiodynamic curves for miid steel in 
20% formic aad in the presence and absence of 
vanous Inhibitors containing 500 ppm of concentration of 
the azathiones used as inhibitors 
(1) Blank (2) DMT AT (3) EMTAT (4) CPTAT 
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100 300 500 
Concent ration (ppm) 
Fig. 1: Variation of Inhibition efficiency with 
inhibitor concentration in 20% formic add 
(1) DMTAT (2) EMTAT (3) CPTAT 
in Fig. 3. It is found that inhibition efficiency of 
CPTAT increases from 24 to 48 hours. On further 
increasing the period of immersion from 48 to 
96 hours, the inhibition efficiency is found to 
decrease. 
The effect of acid concentration of formic acid for 
48 hours of exposure at 500 ppm of CPTAT on 
inhibition efficiency is shown in Fig. 4. It is found 
from the figure that with increase in concentration 
of formic acid the inhibition efficiency initially 
^^^ 313 323 
Temperature (K) i, 
Fig 2- Vanation of inhibition efficiency with solution temperature in 
20% formic acid for 500 ppm concentration of CPTAT 
100 
? 80 
i^  60 
40 
0 
•Q/-
A 
/ 
1 1 
\ 
\ 
< 
\ 
\ 
\ 
< 
24 48 72 96 
Time ( l i ) 
Fig. 3: Variation of inhibition efficiency with immersion lime in 
20% formic acid for 500 ppm concentration of CPTAT 
increases and attains a maximum value of 98% at 
20% concentration of the acid and then decreases 
to 88% on further increase in the acid 
concentration to 30%. 
The values of activation energy (E^ obtained from 
Arrhenius equation [7-8] and firee energy of 
adsorption (AG^^g) calculated using the following 
equation are given in Table III. 
AG.ds= -RT In (55.5 K) 
and K is given by 
(1) 
10 20 30 
,K . i; Acid Concentration (•/.) 
Fig. 4: Variation of inhibition efficiency with add concentration 
in 20% forniic add for 500 ppm concentration of CPTAT 
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TABLE IV: Electrochemical polarization parameters for the corrosion of mild steel in 
20% formic acid containing maximal concentration of various inhibitors at 303 ± 2 K 
System 
(niV) 
I^ 
(niV .decade'') (mV . decade "*) (mA . cm"') 
Inhibition 
efficiencj (%) 
20% formic i 
DMTAT 
EMTAT 
CPTAT 
acid -416 
-404 
-426 
-402 
68 
64 
66 
64 
104 
100 
110 
106 
0 35 
0 12 
0 10 
0 06 
— 
66 
71 
83 
inhibitx)rs and inhibit corrosion by blocking the 
active sites of the metal [12]. Maximum decrease 
in I^^^ was observed in case of CPTAT 
(cyclopentyl-tetrahydro-azathione) indicating t ha t 
CPTAT is most effective corrosion inhibitor among 
the studied azathiones Similar trend was observed 
in weight loss method 
The inhibition of corrosion of mild steel in the 
formic acid by the azathiones can be explained on 
the basis of molecular s tructure. It is apparent 
from the molecular structure tha t these 
compounds are able to get adsorbed on the metal 
surface through lone pair of electrons of N- and 
S- atoms and as protonated species like amines 
[13] It IS seen from the Table II t ha t inhibition 
efficiency foUows the order 
CPTAT > EMTAT > DMTAT (3) 
This difference in order of their inhibitive action 
can be explained on the basis of their molecular 
area Trabanelh [14] has reported tha t inhibition 
efficiency can be increased by increasing the 
molecular area of the compound Since CPTAT has 
larger molecular area than other azathiones i t 
gives highest inhibition efficiency among the 
studied azathiones Increased area cause large 
coverage of metal surface, which leads to higher 
inhibition efficiency 
CONCLUSION 
D The azathiones behaved as good corrosion 
inhibitors for mild steel in 20% formic acid 
° They inhibited the corrosion of mild steel in 
a a d solution by adsorption mechanism and the 
adsorption of these compounds on the metal 
surface obeyed Temkin's adsorption isotherm 
n All of the compounds behaved as mixed type 
inhibitors 
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Three organic inliibitors namely, l-VaniUin thiosemicarbazone (VTS), I-Salicylaldehyde thiosemicarbazone (STS), 
)-Dimetliyl aminobcnzaldehyde thiosemicarbazone (DTS) were .synthesized to investigate their inhibiting actions on corro-
sion of mild steel (MS) in aqueous solutions containing 20% formic acid and 20% acetic acid by weight loss and poiemio-
dynamic polarization methods. All of these compounds have shown good Inhibition efficiency (IE) in formic acid solutions. 
IE of these compounds has been found to vary with the concentration of the compounds, temperature and immersion time. 
The adsorption of these compounds on the steel surface from the acids has been found to obey Temkin's adsorption iso-
therm. The values of activation energy (£.) and irce. energy of adsorption (AC^t) indicated physical adsorption of these 
compounds on the steel surface. The polentiodynamic polarization experiments revealed that all the compounds are mixed 
type inhibitors. 
Conosion studies on metals in organic acid solutions 
are scarce in comparison with similar studies in min-
eral acids'" .^ Mild steel is used in fabrication of reac-
tion vessels, storage tanks, etc. by industries, which 
either manufacture or use organic acid as reactant. 
Influence of three condensation products of thio-
semicarbazides and organic aldehydes namely, 1-
vanillin thiosemicarbazone (VTS), 1-salicylaldehyde 
thiosemicarbazone (STS), 1-dimethyl aminobenzalde-
hyde thiosemicarbazone (DTS) on corrosion of mild 
steel in 20% formic acid and 20% acetic acid has been 
reported here. The selection of these inhibitors is 
based on the considerations such as (a) these can be 
synthesized conveniently from relatively cheap raw 
materials, (b) compounds contain nitrogen with pres-
ence of non-bonding electron pairs and (c) readily 
polarizable sulphur atoms in the compounds are likely 
to induce greater adsorption of the compounds on the 
metal surface leading to higher efficiency. 
Experimental Procedure 
Inhibitors 
The inhibitors were synthesized in the laboratory 
following the procedure described earlier^, character-
ized through their spectral data and their purity was 
confirmed by thin layer chromatography (TLC). 
Name, structural formulas, melting points and mo-
lecular weight of the condensation products are given 
in Table 1. 
Table I—Name and molecular structures of the compounds used 
N H 2 - C - N H N = C H 
Rj Rj 
l .R ,=0CH3, R2=OH,R3=H 
2. Rj=H, R2=H, R3=0H 
(1-Vanillin thiosemicarbazone. 
VTS): mol.wt = 228; melting 
point ne'e 
(1-Salicyaldehyde tihosemicar-
bazone, STS); mol.wt =198; 
melting point 143"C 
* For correspondence (E-mail: maquraishi@rediffmail.com; 
Fax:0091-f571-i-70S336) 
3. Rj=N(CH3)2, R2=H,R3=H (J-Dimethy! aminobenzaldehy-
dethiosemicarbazone, DTS); 
mol.wt =225; melting point 
127°C 
Electrolyte 
Analytical grade formic acid (MERCK), acetic acid 
(NUMEX) and doubled distilled water were used for 
preparing test solutions for all the experiments. All 
the experiments were carried out in 20% formic and 
20% acetic acid solutions. 
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Specimens-
The mild steel samples having composition, 
(Wi7o): 0.14% C, 0.35% Mn, 0.17%" Si, 0.025% S, 
0.03% P and balance Fe were used for the experiment. 
Weight loss studies 
The mild steel sample of size 2.0 x 2.0 x 0.025 cm 
were used for weight loss measurement studies. 
Weight loss measurement studies were carried out at 
20"C for 48 h in 20% formic and 20% acetic acid so-
lutions. The experiments were performed as per 
ASTM method described previousl)/^ 
Electrochemical polarization measurement 
For potentiodynamic polarization studies, mild 
steel strips of same composition, coated with com-
mercially available lacquer (lakme) with an exposed 
area of 1.0 cm^ were used and the experiments were 
carried out at temperature (30 ± 2''C). Equilibrium 
time leading to steady state of the specimens was 30 
min. Sweep rate in potentiodynamic experiment was 
ImV/s. Potentiodynamic polarization studies were 
carried out using an EG & G Princeton Applied re-
search (PAR) potentiostat/galvanostat (model 173), a 
universal programmer (model 175) and a X-Y re-
corder (model RE0089). A platinum foil was used as 
an auxiliary electrode and a saturated calomel elec-
trode (SCE) was used as reference electrode. 
Results and Discussion 
Weight loss studies 
The values of percentage inhibition efficiency 
(I.E.) and corrosion rate (C.R.) obtained from weight 
loss studies are given in Table 2 a & b. It is seen that 
all of these compounds inhibit corrosion of mild steel 
in 20% formic acid and 20% acetic acid to varying 
degrees at all concentrations under study. It was ob-
served to increase progressively with increase in con-
centration of the added inhibitor. Maximum inhibition 
efficiency of each compound within the range of cho-
sen concentration was achieved at 500 ppm and a 
further increase in concentration did not cause any 
appreciable change in the performance of the inhibi-
tor. 
Fig. I shows the influence of temperature on I.E. 
for DTS (best performing inhibitor) at 500 ppm of 
concentration at 48 h of immersion time. It is ob-
served that the I.E. increases with the increase in tem-
perature from 30 to 60°C. The increase in I.E. at 
Table 2a—Conosioii paraiiicleis for mild .siccl in aqiicmii solu-
tion of 207(3 formic acid in absence and presence of differem con-
centrations of vaiious inhibitors from weight loss mcasurenienls 
at2()"C for4Xh 
Inhibitor cone. 
(ppm) 
20% Fonnic acid 
VTS 
100 
200 
300 
400 
500 
STS 
100 
200 
300 
400 
500 
DTS 
100 
200 
300 
400 
500 
Weight loss 
(mg) 
363.5 
252.9 
182.7 
1.50.8 
128,8 
112.1 
193.8 
155.1 
133.5 
109.0 
99.0 
182.7 
127.1 
107.7 
81.4 
62.4 
IE 
(7r) 
0.00 
30.45 
49.76 
58.53 
64.69 
69,19 
46.68 
57.34 
63.27 
70.03 
72.79 
49.76 
65.05 
70.38 
77.60 
82.82 
CR 
(minpy) 
8.44 
5.87 
4.24 
3.50 
2.99 
2,60 
4,50 
3.60 
3.10 
2.53 
2.30 
4.24 
2.95 
2.50 
1.89 
1.45 
Table 2 t>—Corrosion parameters lor mild .steel in 2()'/'(> iicctic 
acid In absence and presence of different conccnlralions of vari-
ous inhibitors from weight loss measurements at 20"C for 48 h 
Inhibitor cone. 
(ppm) 
20% Acetic acid 
VTS 
100 
200 
300 
400 
500 
STS 
100 
200 
300 
400 
500 
DTS 
100 
200 
300 
400 
500 
Weight loss 
(nig) 
301.8 
184.8 
158.9 
148.6 
137.8 
127.5 
168.0 
135.3 
135.7 
126.2 
119.7 
152.5 
135.3 
118.9 
111.2 
108.1 
IE 
(%) 
0.00 
38.71 
47.28 
51.71 
54.28 
57.71 
44.28 
55.14 
55.0 
58.14 
60.28 
49.43 
55.07 
60.57 
63.14 
64.14 
CR 
(mmpy) 
7.00 
4.29 
3.69 
3.45 
3.20 
2.96 
3.90 
3.14 
3.15 
2.93 
2.78 
3.54 
3.15 
2.76 
2.58 
2.51 
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Fi2 1—Varijiion of inhibition efficiency with solulion tempera 
lure in (1) 20% formic acid and (2) 207o acetic acid for 500 ppm 
concendation of DTS 
90 
^ 70 
50 
• Formic acid 
* Acetic acid 
48 72 96 
Immersion time (Hour) 
Fig 2—Variation of inhibition efficiency with immersion lime in 
(1) 20% formic acid and (2) 20% acetic acid for 500 ppm con-
centration of DTS 
higher tempeiatuies indicates ihji the inhibiioi l^  
more effective at higher temperatuies up to 60°C 
The variation of the 1 E with immersion time lor 
DTS at 500 ppm is shoun iii fig 2 h i> (ound (h ii 
there is no significant change in 1 E with the in-
creases in immersion time from 48 to 96 h 
The values of activation energy (CJ obtained fiom 
Arrhenius equation^^ and free energy of adsoiption 
(AGadJ calculated using the following equations ate 
given in Table 3 
AG.d. =-/?nn (55 5 K) 
and K is given by 
where 9 is degree of coverage on the metal surface, C 
is concentration of inhibitor in mole/L, K is equilib 
rium constant, /? is a constant and T is temperature It 
is found that the AC d^s value is less than-40 k J/mol 
(-9 56 k Cal/mol) indicating that DTS is physically 
adsorbed on the metal surface' The low and negative 
value of AGads indicated the spontaneous adsorption 
of inhibitor on the surface of mild steel'" It was also 
found that value of activation energy of the inhibited 
system (DTS) was lower than that of uninhibited sys 
tem Putilova" has indicated that this type of inhibitor 
IS effective at higher temperatures 
Application of adsorption isotherm 
In order to understand the mechanism of coaosion 
inhibition, the adsoiption behaviour of the organic 
adsorbate on the metal surface must be known The 
degree of surface coverage (6) for different concen 
tration of inhibitors in 20% formic acid and 20% ace 
tic acid has been evaluated from weight loss values 
The data were tested graphically by fitting to various 
Table 3—Activation energy (£ J and free energy of adsorption (AC^) for mild steel in 20% formic acid and 20% acetic acid in the ab 
sence and presence of maximal concentration of the inhibitor 
ibitor cone (ppm) 
20% Formic acid 
DTS 
20% Aceiic acid 
DTS 
£ , ( U mo l ' ) 
22 09 
17 22 
18 96 
8 I I 
-AC,ds(Umol') 
20"C 
4 76 
504 
sec 
461 
5 19 
40°C 
5 05 
5 34 
50°C 
5 20 
5 45 
60"C 
5 3i 
5 5. 
M 
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Log C (ppm) 
2.9 
2.4 
Log C (ppm) 
2.9 
Fig. 3—Temkin's adsorption isotherm plots for the adsorption of 
various inhibitors in (a) 20% formic acid and (b) 20% acetic acid, 
on the surface of mild steel (1, VTS; 2, STS; 3, DTS) 
isotherms. A straight line was obtained on plotting 0 
vs log C (Figs 3 a & b) suggesting that the adsorption 
of the compounds from 20% formic acid and 20% 
acetic acid on mild steel surface follow Temkin's ad-
sorption isotherm. 
Potentiodynamic polarization studies 
The potentiodynamic polarization behavior of mild 
steel in 20% formic acid and 20% acetic acid in the 
presence and absence of different inhibitors at 500 
ppm concentration is shown in Fig. 4. Various corro-
sion parameters such as corrosion potential (Ecoa). 
corrosion current density {Icon) and % I.E. are given in 
Table 4. ]t is observed that presence of azathiones 
lowers /corr values. Maximum decrease in l^on was ob-
.served in ca.se of 1-dimethyl aminobenzaldehyde thio-
semicarbazone (DTS) indicating that DTS is most 
effective corrosion inhibitor among the studied con-
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Fig. 4—Potentiodynamic curves for mild steel in (a) 20% foiniic 
acid and (b) 20% acetic acid in the presence and absence of vari-
ous inhibitors containing 500 ppm of concentration of the inhibi-
tors used (1. Blank; 2. VTS; 3, STS; 4. DTS) 
Table 4—Electrochemical polarization parameters for the corro-
sion of mild steel in 20% formic acid and 20% acetic acid con-
taining maximal concentration of various inhibitors at 30±2''C 
Inhibitor cone. 
(ppm) 
20% Formic acid 
VTS 
STS 
DTS 
20% Acetic acid 
VTS 
STS 
DTS 
^ corr 
(mV) 
-416 
-404 
-412 
-396 
-404 
-430 
-440 
-422 
'con-
(mA cm"') 
0.350 
0.039 
0.026 
0.021 
0.240 
0.052 
0.048 
0.031 
IE 
(%) 
-
88,85 
92.57 
94.00 
-
78.33 
80.00 
87.08 
densation products. Similar trend was observed by 
weight loss method. It is also observed from the table 
that there is no significant change in E^on values of 
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.SI in l \ l i HI Mil (il \ I S S I S iiul D I S ml Im At I K 
iiiliihiii.(i IIKI Liiimliiiiiiccl sNsii.nis sLigucsiini; dial ihc 
inhibiiois aic mixed type iii natuie 
The nihibiuon o! conosion ol mild sleel m ihc 
loiniit atid and acelie. acid b\ the condensation piod-
ucis can nc explained on the basis of moleculai 
siiucluic It IS appaient tioin the molecular stiuctuic 
ihai these compounds ,iie able lo get adsoibed on the 
metal suilacc thiough lone pan ol elections ol N- and 
S atoms and 7i-elections ol benzene ting It is seen 
liom Tabic 2 that mhibiiuMi clllciency lollows the 
oidei 
DTS > STS >VTS 
The highei IE ol DTS as compaied to othei in-
hibitois may be attiibuted to bettei electron donor 
piopcitics ol -N-(CHO: gioup as compaied lo OH 
and OCH, groups of STS and VTS 
Conclusions 
(i) The condensation pioducts behaved as good coi-
losion inhibitors in 20% formic acid and 20% acetic 
acid 
(ii) I he) inhibited the n)iiosion ul inilJ \ICL1 in leul 
solutions b\ adsoiption methanisni and ihe adsoipuon 
ol these compounds on the metal suil.ice obe\Ld 
Temkin's adsoiption isoiheim 
(III) All the compounds beha\ed as niivcd t}pe in 
hibi lois 
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Inhlbitive Eifect of FA Derivatives on Mild Steel 
Corrosion in the Presence of Formic Acid 
M.A. Quraishi and Farhat A. Ansari 
CoTObii-fi R i^LarL^ -' L='," i;ory, Oonartmf-n; o' ^pplled Clv.aiisl'')', fdCu'i) nf STK ncennp add Tdc'vio'oiv 
•Mig;-' ' MuSl l i r University Al igsrh • 2C2C02, l - l lur Prddcih Ind a 
ABSTRACl; •'"'le intiuence of s^slected 'o'lg-cham FA hydrazides 
anc: ;l- o>,er,iii.a''bs7.ioe'' on the corrojion 'nhibition of mild ".'eel 
T (he p;(?;ence of 20% formic acid vva; iludied. The inhibition 
efficiency 01 tliese compounds varied v/ith concentration, tern-
perature, arid immferbion time. All the FA derivatives in the formic 
jcid ><iluticn followed Temkin's adiorpt'on isotherm The activa-
; on energies and free energies of adsorptian of all the hydrazides 
and thiosamicarbszides also were calcj'ated Potentiodynamic 
polarization studies indicated that all the tested compounds are 
of mixed tyjX?. Electrochemical impedancespectroscopy v\as also 
ufed to investigate the mechanism of corrosion inhibition. 
Pa;«r no. 110402 in jAOCS 80, xxx-xxx duly 2003) 
KEY WORDS: Corrosion Inhibitors, electrochemical imped-
ance spectroscopy tatty acid hydrazidef, fatty acid thiosemicar-
bazides, mild steel, potentlodynamic polarization, Temkin's ad-
sorption isotherm 
The usi of corroiion intubitors has increased cnnsiderably in 
recent years as awarene.^s of corrosion has expanded. Organic 
compounds are widely used in various indiisiries as con-o>,ion 
inrjbitors in acidic environments (1-3) The corrosion inliibi-
tion cftlcicnc) of organic compounds is related to thfir adsorp-
tion proparties It has been observed that adsorption depend.^ 
mainly on the prebcnce of K-electrons and heteroatoms, wliich 
induce greaier adsorption of the inliibitor molecules onto the 
surface o; uiild Steel. 
Must of the research on the conosion of DteUJs by organic 
I, jrr.pounds has been done in mineral a^ids, but little has been 
reported in organic acldb (4-6). Mild ^.eel is used in fabrica-
'tion of containers such a.s reaction vesfels and storage tanki, 
by xndu=;tries, tliat eidier manufacwre or use forrruc acid as re-
acunt. A survey of 'i\e Utcrawr^ reveals that corrosion in-
liibitors dcnvcd from FA potentiiliv cnnstirute an important 
class ot corro.sior, inliibitors Some ethoxv'lated FA denvddve^ 
are effective inliibitors of corrosion of mild steei in acidic solu-
tions (7^Fcv, modified enoxidized liiiseed oil and oleic a i^d 
v.i;h methyl, ethyl and bur>T ammes reported the inhibition ef-
tlCicn-y h:gher than 90''C m 0.U5 N HCl solution (.S,9,» Quuaishi 
ei a! have synthesized and SI'J.IK J vanaus FA derivatives fis 
corrosion inmbitors (10-13) H-^ .c tlir coirosion-inhibitii,^-
prn^enies of long-chain FA hydrazidev Lid thios£iiiicarba'/i,lcs 
on niild steel m loitruc jcid arc dcscnbei 
r " „ t ' a J JL'!" !^!! (' re-"if'm.irl _o" i 
MATERIAt AND METHODS 
Weigh! lOiS niL-aiuiemenrs Corrosi3n expenni-OLS U C T ^^ -
ned out using cold rolled mild stee! in 20% toniKC;...; J T i-
uiild stee! sample (2.0 x 2.0 x 0.25 cm) had the tollov,mg pe.-
ccntage composition: C, 0.14; Nin. 0 35, Si, 0 P ; S, 0 025, P 
0.03; tlie remainder Fc The experiments were performed a.^  p:i 
ASTM st^dard G1-72 (14). 
Potentlodynamic polarization studies For potcndodyiiaiuu 
polarization studies, mild steel .strip,; of tlie s.tine composit. ., 
as that used in the weight loss expcrinenLs, tinijedded in ••i.c 
affixing material araldite (Aldrich ClR-niical Co., St. Lo'uis 
MO) with an exposed area of 1.0 ci: i*, wcir used, and the ex-
periments were carried out a: a temperature of 26 * I'-C rii pc 
ASTM standards G3-74 and G5-87 i:i4j. Potcnuodynamic r • 
iarizaiion studies were carried out us ng a poteiitiostat'j-alvan 
Stat (model 173; EG&G, Gaithersturg, MDi. unJversil pru-
grammcr (model 175; EG&G), and X-Y recorder fniodel Rt 
0089, EG&G). A platinum foil was used as the au.xiliary elcc 
trode, and a scmrated calomel cleccrode was used as referent -
Electrochetnical impedance stuc'ies. Impedance measui--
ments were performed for tire mild ^tecl in 209c tormic acid i-
the absence and presence of 100 and 500 ppm of DPTT at F.^ ,^  
with the ac voltage amplitude of +5 uiV in tlie frequency rajitr 
5 Hz-lOO kHz A time interval of a ew minatci was given tn-
the open circuit potential (o c p.) to reach a steady value AA 
the measurements were carried out t sing pctcntiosrat'giLj\an^ 
;tat PAR (model 273A: EG&Gj, a lock-in amplifier ;modc 
5301 A. EG&Gl, imdjaJBMxompujter at 26 ± 2'-C 
Analyzed reagent grade formic| aeid (Merck India L:a 
Bombay. India) and double-disdlled water were used to. 
preparing the solutions of 20% forrnic acid for 2.11 the expen 
meuts. The i[\hibitors were synthestiad \T\ our laboratop. tol 
lowing procedures reported elsewhere (15,lfi), and all the cor 
pounds were characterized through their spectral data Thr.r 
punty W3S confirmedb) TLC. Names and mnlecaiar =:rrj:'u'..--
are presented in Scheme 1 
RESUIT"; AK'D DISCUSSIONS 
•'..'iC'i." '•'""' "-tusurenients The values for peiccni.u' 
'.i.-'i e.t'Ciency (%I.E.) and corros on rate, obtained r , 
.-:,:lit lo^s iviethod at diftcrcnt concentrations of h\dr--;. -
cna 'J.io riiiicarbazidci in 20% formic acid at ?'J"C j i : NU. 
m.i'">-i ;n Tab'e 1 The Tr I E. and tuiface ro\e.-^re ih •• 
ilT'-,! iisiii^ cti.» fij'lov, ipo f-quatlon^ M i l 
,1 . \ i i i . Oi! ( h o r n . .Soc. S()(20(U) -(15-710 
)3 f- \^ i " i s u n \[]{ 4 8 5 11 
QLR.A" l - ^ ^ D r 
J-Ch-CH-(CHO"C-Cri,^CH  
CH,-(CMj„c-C NH N I2 
.NH f^H^ 
hydrmdc (OAK) 
Uujnc Kid 
the acid 118) The etteut of irmiiersion time on ^dE at tie FA 
derivatives (Fig IC) was to decrease %! F, wuh mcrease m 
test duraaon This cilect may be attributed to factors such as 
increases m cathodic or hydrogen avolution kinetics or to in 
increase in a }crrous ion concentiaubn (191 The cfieci or tern 
perature on the '^rl E of the FA denlative<; it; ';liowi) in "12 Jici 
(.Hr-C N L r i i ^ C N t n U j i r ««10)C ICld 
'-,JrazidCvl.A.-r) 
CH3^Cu,)rCH-CH (CHjb-C-NnNH.C-Nht-<^ ) j „ tT^^I^. ' ' ( ' ' l l^ 'M 
o s 
9 ! 
CHj CH-{CHj), C NHNpi-C-NH—(, 
1 lnJccoAC-*-?i£n/[ 
L"Iowmlcirbaiide 
I Dcccne-l-p^cpyl-
(DrTS) 
SCHEME 1 
LI E=[('-V°-V/)/VV°l/ IfHO 
9 = [ (W"- W)/W''^ 
[ 1 
[2] 
where W° and Ware the corrosion rate in the absence and pres-
ence of inhibitors, rcspccLively Table 1 and Figures lA lA' m 
dicate that inhibition efficiency increases with increasing in-
hibitor concentrabon Maximal inhibition ctilcenc) was ob-
tained at SOO ppm Among the FA denvative<; tested as 
inhibitors for corrosion of mild steel in 20*1 fortruc acid, the 
ordei of %I E of hydrazides at maximal concentration d e , 
500 ppm) was undecenoic acid hydrazic'e > launc acid h)-
drdzide > oleic acid hydiazide For tluo^-emicarbatidcs a( roax-
iDial concenirauon of 500 ppm, the order svas I-decene-4-
phen>l-thioiemicarbazide> 1-undecane^phenyl thiosemicar-
bazide > l-lisptadecene-4-phenyl thiosemicarbaiidc Amor^; 
the FA derivatives, undecenoic acd (Cjj), beanng a i-C-C-) 
double bond at the terminal position, exhibited the best pertor-
mance a5 a corrosion inhibitor The Ingh irhibibon etfiLiencv 
exhiDited b> the^e compounds may be dttnbutcd to their ad 
sorption on the melal surface diroagh polar Ejoups as ^^ -ell as 
tliTough n electrons The greater co\erage of tl e nietal surface 
b) these compounds thereby leads to higher "d E The den\a 
T,\es T^  oleic '^id showed lov/er '^cl E than lat-nc icid derA >-
LVCs bucause cunipound containing mere thin Cjj shows 'e^; 
'nhiM! on efn i^c:nL> fl7i 
Conosicn inhibi'ion tests were cimed oa un mild slee^ h\ 
\ar>in^ acid corcentrat.ons immersion hm-s md ti,rrpe'atur^^ 
p the p'eser^e of 500 ppm m m *or Flgu^e^ 'B and IB') ^ 
l i c a ' e thdt t n r n A i m d ^ I E f o i a ' i L ^ i T i i i ru 's I i .uUiieJ 
^0 ^ toriiLiu K K ) uid m a ' "^ 1 E ["i-^r^a ci. ' it" I L I J > c 
J J I ini lu 1 ; t 1 v \on i , 2 " ' " n , ' . w i s - ^ r^  s ; ' 
TABtE 1 
Corrosion Parameltr^ for MildSteel in 207o Forrtiic Acid in the Ab 
sencs and Presence of Five Concentrations 
of Six Inhibitor' I 
Coni.entratioi 
-at f (ppr 
20'A for 
O'e i r j c 
_=; 
JO 
Iv'O 
300 
SCO 
coo 
L^uiic A 
21 
3O 
100 
300 
SCO 
6C0 
rTiC A i 
idh>dr 
i r l 
• iz de (OAh) 
eld h>ijrdz J L ( L M - I ) 
UndeCPHQic A r i d 
(UAH) 
25 
30 
iOO 
300 
300 
oOO 
1 Hepiv 
ihiObCrr 
25 
5T 
100 
3G0 
qOO 
GCO 
' Unrip 
(h c^em 
25 
J O 
I O C 
J C U 
s O I 
f;-o 
decpne 
i .^rb ' i^ 
j n e - l -
rarha? 
" Decs-ie 4 ph 
1) lo^e II 
2 J 
30 
1 L 
^0 
Z< J 
iLirbd/. 
icle 
p h i 
d^ 
i*r-
i j -
hydrazide 
pl ic i i , - ! 
(HPTS) 
="1)1 
>(UP^s) 
>1 
i i J P ' S 
VVHIRTC IOJO 
0 3061 
1 
0 0790 
0 072 D 
0 0 4 ^ : 
0 0213 
0 0 6 i 
0C6)5 
0 0529 
0 0325 
0 ) l ^3 
0 C085 
oosio 
0 0219 
O O I M 
ooob 
OOOiB 
0 0297 
0 01/9 
00122 
0 0095 
0 t.Oy.0 
00138 
0 0J62 
0 00,1/ 
0 CD47 
n PO' fi 
J uCro 
OuO'.O 
C r-^5^ 
n co^8 
3 0035 
"n lE" 
4 31 
' b 4 3 
3" 92 
93 05 
V, 76 
"P r 
02 37 
S^4G 
M ( 6 
97 27 
32 52 
92 24 
94 66 
n7 76 
"8 11 
•^ oca 
02 66 
94 33 
'^0 85 
. 3 0 1 
46 92 
•1" 34 
J -97 
- '1 ^6 
r,o 53 
J / J 
i ^ . 
4 3 
^•^ - 4 
r j . 5 
CiS'rui Oil 
1 :>.) 
i4 11 
n 7 
1 ' 
T 
_ 4') 
J " 3 
: 3r 
2 45 
j ^ 
J A: 
0 3 ; 
2 50 
1 r. 
O''o 
0 37 
027 
^ ' i 
Qy 
0 a* 
u -S 
U-'H 
I. - J 
r io 
J 2-* 
I , : 
0 ) 
„ ^ 
' 
n 
I > \ S\ 
4 8 6 
25 50 100 300500 10 20 
^ 
So 
9e 
5 ( 
S2 
SO 
- v > < C - ' . 
— ^ - ' — — — - , 1 
-
It. 1.6 7 : 5? 
100 
9S 
so 
6 5 
8 0 
7 1 
•JC 
lOO 
S6 
S6 
94 
•>2 
90 
/ 
- / / 
- / 
A' 
r 1 1V . 1 — ^ 
100 r 
99 -
97 
96 
r f^"^- ; 
B' 
J5 SO 100JOO5OO 20 30 
«3 
57 
\ > i 
v^ 
: t t ( 73 St 
S9 
30 I "^ O 
D' 
50 
Cooc (ppm) Add Cone. (%) Hrae (hours') Tamp (,'C) 
F(G. 1. Variaiion tn iohibilior. efficiency of fatly acid hyrfra?icfe^ with (AI concentration of inhibito'i, (Bl acid con-
centration, (Q immersion tirrie, and (D) temperature [1: oleic acid h>dra.ilde (OMH), 2- lauric acid hydiazide (L*>Hi 
3: undcccnoic acid hydrazidt (UAH/l and of FA ihiowmic^rbjzides with (AT concentration of inhiliitors, {B') sr d 
concentration, (C) immersion time, and (D') temperature [1:1-ftep(ad<3ceric-4-phenyl-thio^micarba,:'cle (HPTS) '' 
l -undec, ine-4-phenyl- t t i iosemlci>rbazide (UPTS); 3: 1-decene-4-pheny(-tt-il05L-rnicarbizitie ( O P f ' 
iD and ID' %1 E gradually decreases with increase in tem-
p.:Tature from 30 to 50°C for tlie hydrazldes, which may bt due 
to the dciorption of inhibitor from the metal .surface; for 
thiosemicarbazides %I.E. does not cliange significantly with 
increase i.". '-emperatLirc. indicating that the inhibitive film 
rjrmed on the metal surface is protective in nature at higher 
temperature. 
The values of activation energy (E^ J^ were calculated using 
tho Arrliemus equa'.ion (20,21), 
hi (r,/r,) = -E^ l^TKR X T.^ X 7",) [3] 
v.hcre r-j and '^ are coiTosioii rates at temperatures 7"| aiid 7,, 
respectively, and AT is the difference in temperature (T, - Tj). 
The free energy of adsorption (AC^j,) at different tentperarures 
V. js calculatsc from tlie following equation; 
I'J X" ii ^i\cn by 
LQ^,^^-m h(5?5.':) 
A'^e/Ctl -6) [5] 
*herc G IS rhe degree of coverage on t'.ie metal surface given 
by tfic rabo I E /I00%----^'', C i<: the concentration of inhibitor 
hi molci.Titn :ii j A'is tlie equihl,^riuni constant The c.dculatcd 
••ilucs of I ,ir, \Ci ^ arc yi\en m Tdbie 2 The v.ilue vf 
AGjjj^  for all the compounds at liiaher temj^cnturcs :\i-: ~ -
kJ/mol, indicating that the inhibitot noleculci dre ph> sic-11. 
adsorbed on tile mild steel sun'tice i;^4). l ; e k)i" .-j.d ne, "•,• 
value of ACjjjj also suggests the strong inicr.iot'o.i oi ii-- m 
hibitor molcciiles on Lhe mild itcol surface. Tlic t^ valuer >'ii ,LI 
Lht inhibited systems were higher ifflthe case oi FA ij=r.,a*j\L^ 
ofhydrazides and lower in case of thiosenncarhaik'^e;. \\\j.i\ t'l.' 
TABLE 2 
Act ivat ion Energy-* (t^ and Free Energy <if A d i o r p t i o n ' ' L'.C^ 
for Mi ld Steel in 2 0 % Formic A n d in 'hiJ Absence 
and Presence of In l i ib l tors 
30'C 
30 '^. 
Inhibiror 
cuncentra: 
(ppm 
2(JV F(;rrr 
O ^ I 
t--,H 
L'AH 
l-IPTS 
1,'PTS 
Di^Ti 
o n * 
'; sc in 
i . 
'kj moi"^) 
51.28 
Si I J 
HH 11 
97.03 
34,51 
.!2 47 
44 VI 1_ 
•Calculdt^v; from riic ^ f t i i tn iu ' , ' i cn i . i i < , I r ' . ' ^ ' - , ) - - f " . i " • , 
where r, ^.^^z r^ ate co- ro^ ' jn r;iies ;if IOM (^lrj,L,-LV 7, sn:! T 
2nd d r ,< tnr riif-'ecpnce i-i 'eniper.ULn.- ;T, - T,; Free er j - g , , 
ic aetermi.icd y, i C ^ j . = - RTIn (55 5 K; add K = 9 C d - S j ?.rc i 
of rn^CMf*- m t ' l * 'rt;fi->; ^'jrfai.f C is '.HL copcen 'n ' .or r,i mh r 1, 
l>irr ,>n,i .V -, tile sqiiilib-fur-n Cuns'dni I 
r . ' Jl ' - : . i 1. jr; M ; Ta'j 'r 1 
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. ' | > i ' l i )7 '}0 F - \ \ 2 1 " T ' l SOLI I Ul' 
\ O i ^ f ^ i b " ! ^•••D F A ^\SAR' 
r 
a> 
1,S 1.9 2.2 2 5 
log C ( p p m ) 
24 
2 0 
1.6 
1.2 
0.8 
_ B 
-
- ^ ^ r - " ^ 
^ ^ ^ L_ 
i V ^ 1 
..J, _ 1 . 
13 1.6 1.9 2 2 2.5 
10 9 C (p p m ) 
2.8 
FIC. 2. Temkin's adiorplion isoiharm p.oistor id'orption of inhibitor* 
in 20% formic acid on mild steel surface- (Ai Fatiy at id hvdrazides 0 : 
OAH 2- LAI-I; 3: UAH), ;B) FA thio5emicaibazides ' 1 : HPTS, 2: UPTS, 
•> OPTS). 6, degree of coverage, for othpr abbreviations see Figure 1. 
ufu-ninhibitL-d svstetiis. Putilova etiu! il'^j indic.i.ed V.,.u .:. 
hibitors having higher E^  values than th.it of uninhibitcJ y^ -
tcm<. are effective at room temperature and less crtVi ir. r it 
higher tenipcxatarc and vice versa. 
To understand the iiicchanism ojt'i,ouosu>n Milulunun, thr 
ddta uers tested graphicAli\ b> | fining them tu vanuii 
isotheniis Tl;e degree of surface colverage (9) lortLiti;. nt ir, 
hibitor concentrations wa.? evjlu_ted from v,eiyht lo^- . \\ ..-j 
A straight hne wa.? obtained,! by piottiiig log (6/1 - H) •>•; io; (' 
(Fig. 2), suggesting that the adscjrpuon of h>iir,i7'rcs AUA 
thioscmicarbazides to tlie mei<d iij|rfacc occiTS accorcur- "o 
Langmuir's adsorption isothciTr 
Pc'ieritiodynLimicpolarizanon stuaies Corrosio'i pdr.ii..;-
ters such as corrosion current densirj' U^^^' cono; on ri'ti-nital 
(i\^„), and %I.E. obtained iVoni potenriodynaiiiic f>jIjr.:/j'iLn 
curves of niJld steel in 209c formic acid at 26 ± ?."C u-. 'iic ab-
sence and the presence of inhibuori are given m Ta-jle "^  Thr 
4„„ value decreases significantly, (anodit. FatLi ^Ivp,') 
and b^ (cathodic Tafel slope) shovlcd no signilicant ..nji)i;r 
(Fig. 3) suggesting that they are ntixed-type inbabiiors, i c 
they inhibit corrosion by slo-j.mg down both anodic and :.. 
thcdic corrosion proce^^es 
tlectrochemica! impedance u.cy.tj. Impedance drer.jj ^ 
obtained for the frequency rangs 5 Hz-100 kHz at E,^., for 
mild steel in 20% fomuc acid are snown m Figure 4. The uu 
pedance diagrams are not perfect semicircles cmd this dilu-r-
eiice has been atmbuted to frequencv dispersion (Id) The val-
ues of R^ and C(jj were obtained us^ ng the Nyquist and Bode 
TAEte 3 
Electrochemical Polarization Parameters for the Corrosion of Mild Sttel in 20% Formic Acid Com 
Maximal Concentrations of Various Inhibilors at 26 2 2'C 
Concentrat ion^ 
~i)''\ iormir ar 
O A I - I 
LAH 
l^'AH 
HPTS 
UPTi. 
DP""? 
d 
'mV V"; SCE) 
- ; i . ^ 
- 3 9 0 
- 3 : 1 . : 
- 4 0 4 
-402 
- 4 2 : 
—IJ-) 
(niV d e c i d e " ' ) 
52 
55 
44 
54 
sn 
44 
\m\' •decade" ' ; 
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04 
9s 
110 
120 
100 
-•i) 
l inA c n r ' 
0 TTO 
0 0B5 
C C'5 
0 i130 
0 Oro 
0.n?9 
U Oii'j 
1 E 
75 -
". ^2 
d S . : ! 
- a -1 7 
B3 H5 
^n 71 
"CDncenir3rion m ppn f »rj?pt l:>r v nijj.. .v d 
^E „ ^ cnrio'^mn <:>ijlff< i', SCf ^I'^'al-d -a'cT^e' e'ectnid.-
^h_ ;ri.-d c "TJILI ili^pL 
"•'D,-, cathodic Ta^el slopr 
1^ ,^,, rorr.'^ Tinn 1 ur'eiT ^.Vi ii> I t r '^  *>.' dLbr,., -nor 1 -.^ -p Til^le ' 
TABLE 1 
Eleclocbemical Impi dance Parai,iettr> tc r tne Corrosion ui Slild Steel m 2!.l'o Forniir Aeid Conlainirg Dirtpr^nt 
Concentrationof DPTS at 26± 2-C 1 
Lori<.e/"nrjii,on 
^U"'., 'n'mir ^r d 
f r t-. 
1\' 
4 8 8 
U.j 
U 
< / j 
: / • , 
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• ^ - ^ 
rt 
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o 
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Current Densir)' (iii A cm') 
.J 
10 lb 
-3 00 -
e 
(/J 
'/i 
> 
> 
E 
*^—' (« 1=1 
V 
O 
-4O0 
-500 
. 6 0 0 
-700 
' 3 ! 1 
031 
0.0001 0 001 
1 
OCl 
I , 
0.1 1.0 )0 
Current Density (m A crri ) 
FIG. 3. Potentiodyndrri'C poUrizihon t y / t s nt ; 
2- OA,H; 3: LAH; 4: UAH); ;b, FA l!i,o<,e.TiiCkrba: 
ele.nrode, tor other ribbreviations see Figuie \. 
i^.T tcf> f! ; .3J ppii concentration of (A) F^ hvci'ai'dc? ;1 bldnx 
•>-. iV ul=p< :• H?TS- .',• UPTS; 4: DPTJ), ^CE, sstLrated caloiT'C 
plots. fcspei_ti\e!y (27) The %I.E w^.s ciilculatej u'iing ;lie 
equation 
that 
ME 
( i / / v , o ) - ( l / / v„ ) 
xl()0 
•Ahere i?^ and k^, rvre charge trai\sfer resistance wiiliout ajid 
with inhibitor, respectively. The valuer K,, C^,, and %I E are 
given in Table 4. Values of /?, increase with an increase in in-
iiibitor concentration ( D P I T ) , and thi.<: in turn lead; to an in-
crease in the I E. The nddition of DPTT to 20\''- forniic a:id 
"iO'J.;r;. the C^. values, suggesung 
tnbutcd to .surfr-ce adsorption of the 
Mc'clu^rism ofconanon ir.hibin 
ofrmld steel m acidic solution in the 
zrd thiosemicarbazides can be tx-
leiular adsorption tluough lone 
sulfur, and oxygen and through TX-I 
e : j le . The difference in I.E. may be 
of Lhe CS-NHC^H, group in the 
•^ .nit'-h licili 'hlcs greater ad'-iirpti 
the uihih:iion Cdn t'e ,!i 
inhibitor 
•jn Inhiliitinn of ..'on o-.''.i 
presence of F.^ h) J:;i.-i r-
p/ained on the basis ni -T .^ ^ 
pai 's of ck-ctior.s of mtropri, 
elpCtrons pi^ CNent in the r io ' 
attributed to tlie r^rcs^-ii', 
thjossmicarbazldc-nv i''r.. '-
on of thio>eni:;ar> 
.'(• y\X 1'17 35 1 Snii] 
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FIG. •}, rjectrccherplcii:. inipedarce plots: (A; Nyquis! plot flnri {S) 3ode pict ror iMi:<J iiai^ l Ir. thr rfosence ^r.c, j 
cnci Ol' various concentMCicnp of OPTS {1 .• bLtnk; 2: 100 ppii; 3; SOD ppn-i). 
chio'jgh poliiizable sulfur and phenyl groups on the metal sur-
face, thsreby giving higher inhibition efficiency tlian hydrazides. 
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Corrosion of Tin Cans and It^ :^ Irxhibition 
M.A. QURAISHr AND JAVA UA^ WAT 
Corrosion Research Laboratory, Dept.^of Applied CHemlstry, 
Faculty of Engineering and Technology, Allgarh Muslim University, 
Allgarh-202 002, India. 
Tlic present Investigation was carried out to study the corrosion behaviour of tin plate In citilc acid In absence 
and presence of various concenlratloQS of nitrate and sarrosc and Influence of glycine on tin corrosion In the presence 
of three fruit Juices viz., orange, mango and pineapple by using Polentlod>Tianilc polarization technique. The rcsuUs of 
these Investigation revealed that nitrate acted as weak li.lilbltor at 50 and 100 ppin concentration and showed negligible 
Inhibition effect at 250 ppm In citric acid. Sucrose gave maximum Inhibition tfUcicncy of 42% at 15% conccnLrailon. U 
was also found that glycine acted as an excellent corrosion Inhibitor for tin plat:. It gave > 90% inhibition o.Tlcli-nry in 
all the three Juices studied and acts as cathodlc Inhlbltoi'. This study Indira'.e.l the possible use of glycine as corrosion 
Inhibitor of Un containers In canning Industries. 
Keywords : Tin plate. Corrosion. Potentlodynamlc pclaiizatlon. 
Corrosion Is a major problem In food industries. 
It causes enormous wastage of food materials due to 
metallic contamination, which In turn, changes the 
colour, taste and texture of food, leading to heavy 
economic losses to canning Industries. The corrosion 
of Un in contact with acidic fruit Juices Is attributed 
to the reversal of polarity of Un and thus Un becomes 
anodic to iron In acidic medium thereby dlssoh'ing 
the latter (Albu-Yarou and Feignin 1992; Gowramma 
et al. 1981). The factors that mainly affect internal 
corrosion of food cans Include the properties of tin 
plate, nature of food process and the processing as 
well as storage condiUons. Saguy et al (1973) udcd 
conventional methods such as weight less, 
titrimelric, atomic absorption and colorimetric 
methods for determining the amount of dissolved tin 
or iron In food. However, all these methods have the 
disadvantage that they require relatively long 
exposure periods. Popova et al (1990) and Zvauya 
and Chipurza (1995) studied the corrosion behaviour 
of lacquered and unlacquered tin plate in citric and 
aceUc acids. Mahadeviah etal (1971, 1975, 1976a,b) 
studied the tin plate corrosion in canned mango, 
pine apple nnd orange Juices. These authors 
observed Uiat corrosion of Un plate occurred due to 
o;ganlc acid fraction of fruit juices. 
Most ot the research work has been done on 
corrosion Inhibition of ferrous and nonferrous metals 
m acidic and neutral soluUons (Raman and Lablnc 
1989); Ajmal et al (1994, 1998, 1999); Lafont et al 
(1995). Cicileo et al (1995); Chaouket et al 0995): 
I'clkovu cv nl (1995); Quralshl ct al (1094, 1995, 
1996, 1997, 1998). Perusal ofHterature reveals that 
only a few substances such as agar-agar, pectin. 
gelaUn, phospholipids. Mahadeviah (1994) investi-
gated as corrosion inhibitors for food cans. In view ol 
this their existed a need for developing non-metalhc 
and effecUve corrosion inhibitor for food cans. 
The pi'esent invesUgaUon was carried to study 
the corrosion beha\iour of Un in citric acid in the 
absence and the presence of nitrate and sucrose 
which arc main consUtuents of the fruits like mango. 
pineapple and uiange. The Inlluonce of glycine has 
also been studied on corrosion behaviour of Un In 
mango, pineapple and orange fruit Juices. 
Tin sheet and lacquered Un plate strips of 2 x 
1 X 0.53 cm were used for the study. Solution of cltriL 
acid, sodiutn nitrate and sucrose wee prepared and 
used for e.xperiments. Double detailed water was 
used to prepare all the solutions. Commercially 
available mango, orange ajid pineapple canncdjuices 
were used Glycine (BDH) was used as inhibitor. 
Potentlodynamlc polarization studies were 
carried out vising a potenUostat (EC. & G PARC 1731 
universal programmer (Model 175) and X - Y recordei 
RE 0089). All the experiments were carried out at 
25±5°C. A cell assembly consisted ol a platinum 
electrode as auxiliary electrode, a saturated calomel 
electode as reference electrode and lacquered tin 
plate of I cm2 with a tap of 4 cm as worklni^ 
electrode. 
Th.e inhibition efilolcncy of the addlUveb wa .^ 
calculated by using the following equadon :-
1 -I 
IE = X 100 
Corresponding Auttior 
where I .^„- Coircsion current density of blank citii' 
acid or juices; 1^ ^^  = Corrosion current density after 
adding additives. 
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T.-\BLE 1 ELCCTROCHEMICAL P A R A J M E T E R S FOR THE 
CORROSION OF LACQUERED TIN PL/\TE IN CITRIC 
ACID OF DIFFERENT CONCENTRATIONS 
I Cltnc acid. 
% 
0 5 
1 
2 
E c „ 
inv 
-612 
-614 
-616 
CofT 
m A c m ' 
0.012 
0.01& 
0 022 
The electrochemical behaviour of lacqured uii 
plate in three different concentrations of citric acid 
IS shown in Fig. 1 and the electrochemical 
parameters derived from these curves such as E 
(corrosion potential) and I^ ^^  (corrosion current 
density) are given in Table 1. It Is seen that corrosion 
of tin increases on increasing the concentration cf 
citric acid fron^ 1 to 3%. 
The polarization curves (Rg. 2 and 3) shows the 
behaviour of tin in cltnc acid solution in the absence 
and the presence of different concentrations of 
nitrate and sucrose. The results obtained from the,=e 
curves are given In Table 2 which shows that nitrate 
acts as weak inhibitor at 50 and 100 ppm and at 250 
ppm shows negligible effect on corrosion inhibition. 
Albu - Yaron and Semel (1976) have also found that 
nitrate decreased detlnnlng process at lew 
- 5 0 0 -
- 6 0 0 -
2 
o 
a 
-700 
-600 
1- 2V. Cltnc 
2- IV. citnc 
3- OSV.cilfC 
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•00) 01 1 
CURRENT DENSITY mA cm2 
Fig. 1. Potentlodynamlc polarization curves of lacquered Unplate 
In different concentraUons of citric acid 
-SOD 
001 -01 -1 
CURRENT DENSITY mAcnT^ 
.'^ ig 2. Potentlodynamic polarization curves of lacquered tinplatc 
in Cltnc acid containing different concentrations o: 
sodium nitrate. 
TA3I.E 2 CLECfROCHEMICAL PARAMETERS FOR THE 
CORROSION OF LACQUERED TIN PLATE IN CITWC 
ACID OF DIFFERENT C0NCENTR.\T10NS 
System 
1% Citric J-cld 
1% Citric a.-ld + 50 ppm nitrate 
1% citric acid + lUO ppm nitrate 
1% cltnc ac'.d + )50 ppm nitrate 
1% citric acid + 5 ^ sucrose 
1% cltnc Cicld -r-10% sucrose 
1% c/lric arW + !5H sucrose 
Ec<. 
niv 
•615 
•622 
-612 
-613 
-593 
•600 
-608 
lc«, 
m Acm ' 
0.019 
0.015 
0 017 
0.019 
0.015 
0.012 
0.011 
IE. 
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Fig. 3. Potent lodynainlo polarization curves of lacquered llnplate 
In cHric add containing •iirferenl concentrations of 
su t ros r 
concentration In citric acid solution. Sucrose gave 
maximum Inhibition efficiency of 42% at 
concentration of 15% and 36% and 2 ) % at 10% and 
5%. respocUvcly. The clcctrorhcmlcal polarisation 
curves of tin plate In three fruit Juices viz.:- orange, 
mango and pineapple In the absence and the 
presence cf lOO ppm of glycine are tihown in Fig. 4 
(a-c) and results are summarized in Table 3. It is seen 
that glycine decreased 1^ ^^  significantly giving an IE 
more than 90% in all the fruit Juices and shifted the 
corrosion potential lE^J towards more negative side, 
thereby suggesting that glycine was a predominantly 
cathodic inhibitor. 
The ccrros-.cn of tin In acidic fruit Juices takes 
place as tne result of two partial reactions. 
Anodic :- Sri -) Sn** 4- 2e-
Cathodic :- 2H' ^ H^ 4- 2e-
The plausible mechanism of corrosion of tin in 
fruit juices containing glycine can be explained on 
the basis of the adsorption. In acidic solution, glycine 
can exist as Zwlter ions :-
NK^CH^COOH •NH^CH^COO-
Neutral molecule Zwltter ion 
The caiionic part of glycine m.ay adsorb on 
cathodic sites of tin and decrease cathodic reaction. 
The adsorption of glycine on anodic sites through -
5^2 
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CORROSION OF TIN IN FRUIT JUICES AND ITS INHIBITION 
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Abstract 
In the present investigation six ammo acids have been used to investigate their inhibiting 
action on corrosion of tin plate in three fruit juices viz orange, mango and pine-apple by 
potentiodynamic method All the ammo acid used in present investigation showed >94% 
IE They showed either predominantly cathodic or mixed behaviour 
Introduction 
The corrosion of tin cans is major problem for food industnes, which causes enormous 
wastage of food matenals due to metallic contamination Presence of metals in juices 
cause change in colour, taste and texture of food, leading to heavy economic losses to 
canning industnes 
The corrosion of tin in contact of acidic faiit juices is attnbuted to the reversal of polanty 
of tin and thus tin becomes anodic to iron in acidic medium, thereby dissolving the 
latter(1, 2) Internal corrosion of food cans mainly includes the properties of tm plate 
nature of food process and the processing as well as storage conditions Saguy et a! 
(3) used conventional methods such as v/eight loss, ti^nmetnc, atomic absorption and 
colonmetnc methods for determining the amount of dissolved tin or iron in food 
Katanna et al (4) studied the corrosion of iron and tin in apple, cherry, lemon, orange 
grapefruit and pineapple juices by electrochemical and weight loss methods The 
amount of iron and tin present in juices was determined by using atomic absorption 
methods 
Mahadeviah et al (5-7) studied the tin plate corrosion in canned mango, pine apple as 
well as orange juices and observed that corrosion of tin plate occurred due to organic 
acid fraction of fojit juices 
* Author for correspondence 
maquraishi@recliffmail com 
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Popova et a! (3) and Zvauya & Chpurza (9) studied the corrosion behaviour of lacquered 
and unlacquered tin plate in citnc and acetic acid 
Quraishi et al (10) studied the corrosion behaviour of tin plate in citnc acid in presence 
and absence of various concentrations of nitrate and sucrose & influence of glycine on 
tin corrosion in presence of three fruit juices viz , orange, mango and pineapple by using 
Potentiodynamic polanzation techniques. 
Mahadeviah (11) investigated agar agar, pectin, gelatin, phospholipids as corrosion 
inhibitors for food cans. In view of this their existed a need for developing non-metallic 
and effective corrosion inhibitors for food cans. 
In the present investigation we have studied the cerrosion behaviour of tin in contact with 
mango, orange and pine-apple fruit juices by potentiodynamic method in absence and 
presence of six different amino acids as corrosion inhibitors such as DL Alanine, DL 
Aspartic acid, DL-2-amino butyric acid, L-Glutamic acid, L-Lucine, DL- Ter. Leucine and 
DL Aspartic acid. 
'The molecular structures of these inhibitors are shown in Table -1 
Experimental 
Tin plate strips of 2x1x0.58cm were used for the study. Commercially available orange, 
mango and pineapple fruit juices were used as test solutions. The tin strips having the 
exposed area of 1 cm^ were dipped in fruit juices for 24 hours before experiments. 
Potentiodynamic polarization studies were carried out using a Potentiostat (EG & G 
PARC 173), Universal Programmer (Model 175 and X-Y recorder RE 0089) all the 
expenments were earned out at 25 + 5 °C. A cell assembly consisted of a platinum 
elecj/pde as auxiliary electrode, a saturated calomel electrode as reference electrode 
,^ri4 Jacquered tin plate of 1 cm^ with a tag of 4 cm as working electrode. 
The inhibition efficiency of the additives was calculated by using the following equation -
'ocorT ~ 'corr 
IE= X100 
'cx;orT 
Where locon- = Corrosion density of blank juices 
Icorr = Corrosion current density after addition of ammo acid 
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Results and d iscuss ion 
The electrochemical behaviour of lacquered tin plate in three different juices with 
and without corrosion inhibitors at vanous concentrations (50 100 and 150ppm) are 
shown in figures1-6 and the electrochemical parameters denved from these cun/es 
such as Econ-(corrosion potential) and corrosion current density (loofr) are given in Table2 
It IS evident from the result that loon- values for tin in three juices mango orange and 
pine-appie are 2 5, 1 80 and 1 50 ^ A m ^ respectively Addition of ammo acid in three 
juices bang down the Icorr significantly Maximum decrease in Icon value was observed at 
150 ppm cone of each inhibitor It is also seen from the results that ammo acids behave 
either as mixed or predominantly cathodic inhibitors 
The corrosion of tin in acidic fruit juices takes place as the result of two partial reactions 
Anodic - Sn • Sn""" + 2e 
Cathodic - 2H"' • H2 + 2e 
The plausible mechanism of corrosion inhibition of tin in fruit juices can be explained on 
the basis of adsorption In acidic solution ammo acid can exist as Zwitter ions -
NH2CHRCOOH • ^NHzCHRCOQ-
The cationic part of ammo acid adsorbs on cathodic site of the tin and decreases 
cathodic reaction The adsorption of ammo acid on anodic sites through COO ions 
decreases anodic dissolution of tin In our present study we have used vanous types of 
amino acids and studied the effect of different substituents on the corrosion inhibition 
efficiency The Tafel plots of all six inhibitors in presence of mango, orange and 
pineapple juices were taken at 50, 100 and 150 ppm concentrations All the inhibitors 
have decreased in corrosion current at all the concentrations, studied Inhibition 
efficiency was found to increase on increasing the inhibitor concentration and it became 
constant at 150 ppm 
49? 
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Table 1 Molecular structures of all inhibitors used 
Molecular structure 
CH3-CH-(NH2)COOH 
C2H5-CH-(NH2)COOH 
HOOC-CH2-CH(NH2)COOH 
HOOC-CH2-CH2-CH(NH2)COOH 
(CH)3-CH(NH2)COOH 
(CH3)-CH-CH2-CH(NH2)COOH 
Name 
DL Alanine 
DL-2-amino butync acid 
DL Aspart ic acid 
L-Glutamic acid 
DL-ter. Leucine 
L-leucine 
Table 2:- Potentiodynamic pola 
different fruit juices in absence 
rization corrosion parameters of tin plate obtained for 
and presence of inhibitors 
System 
Blank 
DL Alanine 
DL Aspart ic 
acid 
DL-2-amino 
butyric acid 
L-Glutamic 
acid 
L- Leucine 
DL-tert. 
Leucine 
Mango juice 
tcorr 
(mV) 
-570 
-610 
-614 
-590 
-584 
-608 
-600 
-610 
-600 
-586 
-596 
-606 
-582 
-590 
-598 
-578 
-584 
-594 
-602 
'corr 
2.50 
0.36 
0.12 
0 08 
0.09 
0 08 
0.07 
0.10 
0.09 
0.07 
0.20 
0.09 
0 07 
0 12 
0 09 
0 07 
0 18 
0 10 
0 08 
I.E. 
(%) 
— 
85.60 
95.20 
96.80 
96.40 
96.80 
97.20 
96.00 
96.40 
97.20 
92.00 
96.40 
97.20 
95 20 
96 40 
97 20 
92 80 
96 00 
96 80 
Orange juice 
tcorr 
(mV) 
-620 
-655 
-665 
-675 
-666 
-652 
-630 
-646 
-632 
-658 
-626 
-634 
-646 
-636 
-648 
-624 
-626 
-634 
-648 
Icotr 
^ Am"^ 
1.80 
0.29 
0.14 
0.09 
0 10 
0.08 
0.06 
0 14 
0 08 
0 06 
0.25 
0 10 
0 09 
0 28 
0 10 
0 08 
0 14 
0 09 
0 07 
I.E. 
(%) 
~ 
83.88 
92.22 
95.00 
94 44 
95.55 
96.66 
92.22 
95.55 
96.76 
86.11 
94.40 
95.00 
84 44 
94 44 
95 55 
92 20 
95 00 
96 11 
Pineapple juice 
(mV) 
-646 
-660 
-664 
-670 
-654 
-668 
-662 
-670 
-658 
-638 
-656 
-666 
-672 
-654 
-662 
-668 
-664 
'corr 
^ Am'^ 
1.50 
0.19 
0.09 
0.06 
0 12 
0 08 
0.06 
0 16 
0 08 
0 07 
0 22 
0 16 
0 09 
0 20 
0 10 
0 08 
I.E. 
(%) 
— 
87.33 
94.00 
96 00 
92 00 
94 66 
96.00 
89.33 
94 66 
95 33 
85 33 
89.33 
94 00 
86 66 
93 33 
94 66 
0 28 1 8 1 33 
-658 t 0 13 
-638 0 09 
91 33 
94 00 
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Capt ions for f igures 
1 Potentiodynamic polarization curves of lacquered tin plate in different fruit juices 
witfi and without DL Alanine (a)ln orange, (b) In Mango (c) in Pine 
1 Blank, 2 50 ppm, 3 100 ppm, 4 150 ppm 
Potentiodynamic polanzation curves of lacquered tin plate in different fruit juices 
with and without DL Aspartic acid(a)ln orange, (b) In Mango (c) In Pine 
1 Blank, 2 50 ppm, 3 100 ppm, 4 150 ppm 
Potentiodynamic polarization curves of lacquered tin plate in different fruit juices 
with and without Dl 2- amino- butync acid(a)ln orange, (b) In Mango (c) In Pine 
1 Blank, 2. 50 ppm, 3 100 ppm, 4. 150 ppm 
Potentiodynamic polarization curves of lacquered tin plate in different fruit juices 
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Potentiodynamic polarization curves of lacquered tin plate in different fruit juices 
with and without L- Leucine (a)ln orange, (b) In Mango (c) In Pine 
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6. Potentiodynamic polanzation curves of lacquered tin plate in different fruit juices 
with and without DL tert. Leucine (a)ln orange, (b) In Mango (c) In Pine 
1. Blank, 2. 50 ppm, 3.100 ppm, 4. 150 ppm 
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INFLUENCE OF LAISEN-SCHMIT PRODUCTS ON 
CORROSION OF MILD STEEL IN SULPHAMIC ACID 
M A QURAISHI AND DANISH JAMAL 
Dept of Applied Chemistry, AUgarh Muslim University, Aligarh 202 002 INDIA 
(Received 20 May 1999 Accepted 15 March 2001] 
The influence of three Claisen-SchmU products on corrosion of mild steel in sulphamic acid was 
investigated using weight loss and poteniiodynamic polarisation techniques All investigated compounds 
show ed good inhibition efficiencies Inhibition efficiency (IE) varied with the nature and concentrations of 
the inhibitors The addition of iodide ions (F) increased IE of all the tested compounds a\ a result of the 
synergistic effect Polentiodynamic polarisation results revealed that the condensation products tided as 
mixed inhibitors in 10% sulphamic acid Adsorption on the metal surface obeyed Temkin's adsorption 
isotherm 
Keywords Corrosion inhibitors, sulphamic acid mild sleel and synergism 
INTRODUCTION 
The study of organic corrosion inhibitors in acid 
medium is an attractive field of research due to 
Its usefulness in several industries. Most of the 
commercial formulations include aldehydes and 
amines as essential ingredients [1-2]. It is known 
tha t condensation products of carbonyls and 
amines tha t are known as anils or Schiffs bases 
give more inhibition effiaency t han constituent 
carbonyls and amines [3]. A few Schiffs baizes 
derived firom aromatic aldehydes and amines as 
corrosion inhibitors for mild steel in hydrochloric 
acid were studied [4]. Similar observations have 
been reported recently [5-7] who have studied 
corrosion inhibiting properties of several anils 
synthesised by condensing either aromatic or 
hetrocychc amines with aromatic aldehydes. These 
observations have prompted us to investigate the 
inhibiting behaviour of some Claisen-Schmitt 
products namely, Disadicyhdeneacetone (DSA), 
Dibenzyhdeneacetone (DBA) and Dicinnamyhdene-
acetone (DCA) on corrosion of mild steel in 
sulphamic acid solutions 
Chemical and sugar industry spends considerable 
amount of efforts and money in descaling 
operation during annual shut down of the plants 
The scale deposits consist of mixture of 
decomposition products of sugar, sdicates, calcium 
and magnesium carbonates that vary in 
composition from unit to unit When scales are 
formed on the metal surface of heat exchangers, 
evaporators, vacuum pans and crysaUisers, the 
rate of heat transfer is reduced This lowers the 
effiaency of the equipment. Thus use of acid 
corrosion inhibitors becomes necessary during 
descahng operation 
Choice of selecting sulphamic acid is based on the 
fact tha t 
D it is non-fuming substance 
D It IS less corrosive to metals than mineral acids 
and 
D it readily removes silica scales 
Survey of hterature reveals tha t systematic studv 
of corrosion inhibitors in sulphamic acid media is 
sparse. 
EXPERIMCNTAL 
Mild steel strips of size 5 cm x 2 cm x 0 025 cm 
(C = 0 14%, Mn = 0 35%, Si = 0 017%, P = 0 03% 
and the rest iron) were used for weight los^ 
measurements and potentiodynamic polansation 
studies For potentiodynamic polarisation btudie^ 
mild steel strips of the same composition, coated 
with lacquer with an exposed area of 1 cm" were 
used Electrodes were pohshed with emery papers 
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of 1/0, 2/0, 3/0 and -1/0 giades and degreased with 
tnchloroethylene Sulphamic acid (CDH) was used 
for preparing solutions Double distiUed water was 
used to prepare solution of 10% sulphamic acid 
for all experiments The compounds were 
synthesised in the laboratory from the indigenous 
chemicals and were characterised through their 
spectral data The puri ty of the compounds was 
checked by TLC 
Weight loss measurements were carried out as 
described earlier [8]. Potentiodynamic polarisation 
studies were carried out using EG & G PARC 
model 173 potentiostat/galvanostat , Umversal 
programmer model-RE 0089. Experiments were 
carried out at t empera tu res 297 and 323 K. A 
platinum foil and a satui-ated calomel electrode 
were used as auxiliary and reference electrodes 
lespectively for potentiodynamic studies 
The inhibitors were synthesised in the laboratory 
following the procedure reported in the h tera ture 
[4) All the compounds were characterised through 
their spectral da ta and their purity was checked 
by TLC. The details of inhibitors are given in 
Table I. 
RESULTS AND DISCUSSION 
Wci^lit loss studies 
Table JI shows the values of inhibition efficiency 
(IE) and corrosion rate obtained from weight loss 
measuiemeuts for different concentration of these 
TABLE I: Name, structural formula and 
abbreviation of the compounds used 
TABLE II: Corrosion p.ii .inielers for mild steel in 
10% sulphdmic acid in absence and presence of 
different concentrations of various inhibitors from 
weight loss measurements at 323 K 
Structural formula Name and 
abbreviation 
Disal icyt idcncacctone 
(DSA) 
Oibeazyificnnmoac 
(DSA) 
Chan turn y l^(icnc»oaoDe 
^ (DCA) 
Concn of 
inhibitor 
(ppm) 
• • • 
DSA 
100 
200 
300 
400 
500 
DBA 
100 
200 
300 
400 
500 
DCA 
100 
200 
300 
400 
500 
Weight 
loss 
(mgm) 
226 1 
1350 
1189 
1122 
107 1 
102 0 
83 2 
62 1 
46 2 
35 9 
26.7 
86 5 
62 3 
45 1 
314 
22 3 
Inhibition 
efficiency 
(%) 
— 
40 
47 
50 
52 
55 
63 
72 
79 
84 
88 
62 
72 
80 
86 
90 
Corrosion 
rate 
(ninipy) 
125 9 
75 2 
66 2 
62 5 
59 7 
56 8 
46 3 
34 6 
25 7 
20 0 
149 
48 2 
34 7 
25 1 
175 
124 
*** 10% sulphamic acid 
compounds in 10% sulphamic acid. The optimum 
concentration under investigation requued to 
achieve the maximum inhibition was found to be 
500 ppm. It was also evident that IE increased as 
the concentration of inhibitor increased 
The order of IE of the studied condensation 
products was found to be as follows 
DCA > DBA > DSA 
The difference in inhibitive action was explained 
on the basis of their molecular structure DCA 
was found to give the highest IE. This can be 
explained on the basis of the presence of 
additional -C = C-bond. The extensively delocalised 
7i-electron favours gi eater adsorption on tlie nioLiil 
surface, thereby giving rise to high values of IE 
(90%) at a concentration of 500 ppm DSA showed 
less IE than DBA because of the presence of OH 
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TABLE III: Inhibition efTiciency and corrosion rate of 
the inhibitors obtained from weight loss measurements 
in absence and presence of KI at 323 K for 1 hour 
S, = -
1-1, 
Concn of 
inhibitors 
(ppm) 
DSA 
100 
}D0 
DBA 
100 
100 
DCA 
100 
100 
Kl 
concn 
(ppm) 
— 
500 
— 
500 
— 
500 
Inhibition 
efficieticv 
(%) ' 
40 
9? 
63 
98 
62 
99 
Corrosion 
rate 
(mmpy) 
75 2 
J.9 
46.3 
2.2 
48.2 
1.1 
group in DSA molecule, which prevents their flat 
orientation on the metal surface causing lesser IE 
than DBA. 
Table III gives values of IE for specific 
concentration of inhibitors in combination with 
potassium iodide (KI) a t 323 K. It was found from 
this table tha t IE increased with the addition of 
iodide (I") ions for all the compounds. This was a 
result of synergistic effect [9]. The. iodide ion is 
initially adsorbed onto the metal surface. The 
protonated condensation compounds were then 
adsorbed by coulombic attraction on the metal 
surface. This increased the surface coverage, which 
helped in enhancing IE even a t a smaller 
concentration of the compounds. 
Table IV summarises the synergistic parameter 
(S,) calculated by the following equation [10] 
TABLE IV: Synergistic parameter (Si) of inhibitors 
obtained from weight loss measurements 
Concn of 
inhibitors (ppm) 
DSA 
100 
DBA 
100 
DCA 
100 
KI concn 
(ppm) 
500 
500 
500 
Syi nerglstic 
parameter 
134 
66 
14 2 
2 ( 1 ) 
where 1,^ 2 = (^i + '••') ~(^i ^ ^2) ' " which I, is IE foi 
anion, l^ is IE cation and r,^2 's measured IE foi 
the cations in presence of anions It has been 
observed tha t S values obtained by weight Icis 
method are more than unity suggesting thai 
synergism phenomenon is operative in case of all 
the studied compounds + KI mixtures 
The degree of surface coverage (6) for different 
concentrations of condensation compounds in 10% 
sulphamic acid was evaluated. A straight hne is 
obtained on plotting 6 vs log C, suggesting that 
adsorption of these compounds on the mild steel 
surface obeyed Temkins adsorption isotherm 
(Fig. 1). This also pointed to corrosion inhibition 
by these compounds being a result of their 
adsorption on the metal surface. 
Potentiodynainic polarisation studies 
The values of I^^, E^^^ and IE obtained from 
polarisation curves for mild steel in 10% 
sulphamic acid alone and in presence of optimum 
concentration (i.e. 500 ppm) of all the four 
condensation products have been given in Table V 
It is evident from these values that 1^ ^^ ^ decreased 
in the presence of the inhibitors. The addition of 
10 r 
78 30 11 Zi. 2 6 
L o g C (ppnn ) 
Fig V'Temkin's adsorption isotherm plots for 
Vne adsorption of various Inhibitors In 10% sulphamic aad on 
surface ol mild sieel 0) DSA (2) DBA (2) DCA 
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TABLE V: Electrochemical polarisation parameters for 
the corrosion of mild steel in 10% sulphamic acid 
containing optimum concentration of various inhibitors 
Concn of 
inhibitors 
(ppm) 
* * « 
DSA 
500 
DBA 
500 
DCA 
500 
(mV vs SCE) 
-565 
-573 
-570 
-569 
(M 
cyir 
A . cm ) 
1103 
14 5 
135 
106 
IE 
(%) 
—• 
87 
88 
90 
'10% sulphamic acid 
these compounds to the acid solution did not cause 
any significant change in the values of E^^^. This 
behaviour suggested tha t the compounds are 
mixed type inhibitor and they inhibit corrosion of 
mild steel m acid solution by blocking the active 
sites of steel surface [11-12). 
CONCLUSION 
D All the th ree condensation products inhibit 
corrosion in 10% sulphamic acid. 
D All the compounds show synergistic effect with 
KI. 
n All the compounds inhibit corrosion of mild 
steel by being adsorbed on the meta l surface 
following Temkin's adsorption isotherm. 
a All the tested compounds act as mixed type 
inhibitors. 
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ABSTRACT 
Synthesis and Formulation of some 
Descaling Inhibitors for Steel 
M.A. Quraishi and Danish Jama! 
Corrosion Research Laboratory 
Department of Applied Chemistry 
Faculty of Engineering and Technology 
Aligarh Muslim University, Aligarh. 
The inhibitive action of three nitrogen and sulphur containing compounds viz. DQl, DQ2 and DQ3 has been investigated 
on the corrosion of mild steel (MS) in 10% sulphamic acid by weight loss method at 70°C. The inhibitory nature of the 
additives has been found to depend upon the concentration, molecular structure and presence of iodide ions( I ) in the 
inhibitors. The inhibitors appear to function through general adsorption following the Temkin's adsorption isotherm. The 
addition of I ions increase inhibition efficiency (IE) of DQl and DQ3. Improvement in inhibitive performance of inhibitors 
has been explained on the basis of synergism. The results of potentiodynamic polarization study show that all the 
compounds behave as mixed type inhibitors. 
INTRODUCTION 
Chemical and sugar industry spends considerable 
amount of efforts and money in descaling operation 
during annual shut down of the plants. The scale de-
posits consist of mixture of decomposition products of 
sugar, silicates, calcium and magnesium carbonates 
that vary in composition from unit to unit. When scales 
are formed on the metal surface of heat exchangers, 
evaporators, vacuum pans and cr/stallizers, the rate 
of heat transfer is reduced. This lowers the efficiency 
of the equipment. Thus descaling is very important. 
At such times of descaling, it is necessary to reduce, 
attack on the base steel material. For this purpose, 
use of inhibitors becomes necessary during descaling. 
In continuation of an earlier work on development of 
acia corrosion inhibitors [1-6], we have carried out 
corrosion inhibitor test in sulphamic acid in presence 
of 3 N and S containing compounds namely DQl, DQl 
and DQ3. Choice of selecting sulphamic acid is based 
on the fact that: 
• It IS non-fuming substance, 
• It IS less corrosive to metals than mineral acids and 
• It readily removes silica scales. 
Survey of literature reveals that systematic study of 
corros.on inhibitors in sulphamic acid media is sparse 
EXPERIMENTAL 
Mild steel strips of size 5 cm x 2 cm x 0.025 cm (C = 
0.14%, Mn = 0.35%, Si = 0.017%, P = 0.03% and 
the rest iron) were used for weight loss measurements 
and potentiodynamic polarization studies. For 
potentiodynamic polarization studies mild steel strips 
of the same composition, coated with lacquer with an 
exposed area of 1 cm were used. Electrodes were 
polished with emery papers of 1/0, 2/0, 3/0 and 4/0 
grade and degreased with trichloroethylene. Sulphamic 
acid (CDH) was used for preparing solutions. Double 
distilled water was used to prepare a solution of 10% 
sulphamic acid for all experiments. The compounds 
were synthesized in the laboratory from indigenous 
chemicals and were characterized through their spec 
tral data. The purity of the compound was checked by 
TLC. 
Weight loss measurements were carried out as de 
scribed earlier [7]. Potentiodynamic polanzation stud 
les were carried out using E.G. & G. PARC model 173 
potentiostat/galvanostat, universal programmer mode' 
- RE0089. All experiments were carried out at a tem 
perature of 24±1°C. A platinum foil and a saturated 
calomel electrode were used as auxiliary and refer 
ence electrodes respectively for potentiodynamic stud 
les 
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RESULT AND DISCUSSION 
Weight loss studies 
The values of percentage inhibition efficiency and cor-
rosion rate obtained by weignt loss method contain-
ing different concentrations of DQl, DQ2 and DQ3 at 
70°C for 1 hour are summarized in Table -1 It is seen 
that all of these compounds inhibit corrosion of mild 
steel (MS) in 10% sulphamic acid at all concentrations 
under study It has also been observed that the inhibi-
tion efficiency (IE) for all the compounds increased 
with the increase in concentration. The order of IE 
was found as follows: 
DQ3>CK52>DQ1 
The effectiveness of a compound as a corrosion in-
hibitor depends on the structure of the organic com-
pound [8] The adsorption o^  these compounds on the 
metal surface may occur through (i) interaction be-
tween lone pair of electrons of nitrogen and sulphur, 
(ii) interaction t>etween 7i-electrons of C=S and metal 
surface, (iii) interaction between the 7t-electorns of 
the benzene ring and metal surface. DQ2 gives better 
performance as an inhibitor than DQl. This difference 
in IE can be explained on the basis of the presence of 
Table -1 
Corrosion parameters for mild steel in 10% sulphamic acid in 
absence and presence of different concentrations of vanous 
inhibitors from weight loss measuement at 70°C 
Coocentfdoon (ppm) 
lO^ Su'phdmK; aod 
DQl 
1000 
2000 
300O 
DQ2 
100 
200 ^ 
300 
400 
500 
DQ3 
50 
75 
100 
200 
300 
100 
500 
WeigMkKs 
(mgm) 
892 7 
382 0 
290 8 
2510 
'525 5 
165 0 
89 9 
6 8 
5 3 
3 8 M 
296 8 
37 6 
M 5 
9 0 
5 3 
5 0 
IE(%) 
57 21 
67 42 
7183 
52 22 
81 51 
89 92 
99 24 
99 40 
57 27 
66 75 
95 79 
98 37 
98 99 
99 29 
99 44 
Corros*onf3te 
(mmpy) 
497 45 
212 87 
162 04 
139 87 
237 66 
91 94 
50 09 
3 68 
2 95 
212 53 
165 39 
20 95 
8 08 
5 01 
3 51 
2 73 
two extra benzene rings These benzene rings pos-
sess highly delocalized 7i-electrons through which they 
can get absorbed on the mild steel surface giving higher 
IE. Among the compounds used for this study DQ3 
gave best performance as an inhibitor. This can be 
explained on the basis of the presence of electron re-
leasing CH group or benzene ring 
3 
Adsorption isotherm 
It was assumed that inhibition efficiency was equal 
to 9 A plot of 9 vs log C (inhibitor-concentration) gave 
straight lines in acid solutions (Fig. 1). This showed 
that the adsorption of the compounds on MS surface 
in 10% sulphamic acid follows Temkin's adsorption iso-
therm. This also points out that the corrosion inhibi-
tion by these compounds takes place via adsorption 
mechanism. 
2JD 22 2.t+ 2 5 
Log C(ppm) 
Fig . l . Temkin's adsorption isotherm plots for the adsorption 
of various inhibitors in 10% sulphamic acid on the 
surface of mild steel 1 DQl, 2 DQ2, 3 DQ3 
Potentiodynamic polarization studies 
The polarization behavior of mild steel in 10% 
sulphamic acid in the absence and presence of 500 
ppm of inhibitors studied is shown in Fig 2 Various 
electrochemical parameters such as corrosion current 
density (I^„), Corrosion potential (E^^ )^ calculated from 
Tafel's plots are given in Table 2 l^^^^ was found to 
decrease in the presence of DQl derivatives indicat-
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V. 
f 
o 
" o 
tco 
SCO 
too 
700 
^ ^ ^ 
'—'"5^^^"*^=^ 
^*0 \ /^^v 
\ , / \ / ^ S -
^^^^^^ 
t -
Table -3 
Inhibitxjn efficiency and corrosion rate of the inhibitors 
obtained from weight loss measurements in absence 
and presence of KI at 70°C for 1 hour 
Fig 2. Potentodynamic polarization curves for mild steel 
in 10% sulphamic acid in the presence and 
absence of various inhibitors at 500 ppm 
1 10% sulphamic acid, 2 DQl, 3 DQ2, 4 DQ3 
Table -2 
Electochemical polarization parameters for the corrosion 
of mild steel in 10% sulphamic acid containing optimum 
concentrations of various inhibitors 
Inlvbttors 
concentrdtions 
10% sulp^Anvc BOd 
DQl 
500 
DQ2 
500 
DQ3 
500 
EaifT 
(mv vs s a ) 
-565 
-567 
-572 
-567 
Icon-
(HA Cm'') 
110.3 ' 
13 2 
12 4 
116 
IE 
(%) 
-
80 
88 7 
89.5 
ing their effectiveness as corrosion inhibitors. Maxi-
mum decrease in I was achieved by DQ3. Results 
also indicated that all of these compounds do not shift 
E values significantly in 10% sulphamic acid indi-
COfT 
eating that these compounds are mixed type inhibi-
tors. 
Synergistic mechanism 
Significant improvement in inhibiting properties of DQ2 
and DQ3 in the presence of KI can be explained on 
the basis of synergistic mechanism. Table-3 gives the 
I E. and corrosion rate for specific concentration of KI 
in sulphamic acid. 
Inlntxtors 
ax»oen&30oo 
(ppm) 
DQl 
1000 
1000 
2000 
2000 
3000 
3000 
DQ2 
100 
100 
200 
200 
DQ3 
75 
75 
ta 
oxioentration 
-
0 3 
-
0 3 
-
0 3 
-
0 3 
-
0 3 
-
0 3 
IE 
(%) 
57 21 
62 98 
67 42 
65 64 
7188 
69 38 
52 22 
95.26 
8151 
99 72 
65 75 
99 76 
CofTOSion rate 
(m-npy) 
2128/ 
184 11 
162 04 
170 91 
139 87 
152 29 
237 66 
23 57 
9194 
139 
165 39 
1 17 
According to synergistic effects, I' ions were initially 
chemisorbed strongly on the metal surface. The pro-
tonated DQ2 and DQ3 were absorbed subsequently 
by coulombic attraction on the metal surface. This in-
aeases the surface coverage (0) which helped in en-
hanang IE even at smaller concentrations of the com-
pounds. 
Table-4 summarizes the synergistic parameter (SI) cal-
culated from the following equation[9]: 
S1 = ( I - I ) 
1+2 
(i-r ) 
1*2 
Where I = (I -i- I ) - (I x I ) in which I is IE for 
1*2 1 2 1 2 1 
Table -4 
Synergistic parameter (S ) of inhibitors obtained 
from weight loss measurements 
Inhibrtcxs CDocentratTOo 
(ppm) 
DQ2 
100 
200 
DQ3 
75 
KJ concentration 
(%) 
03 
03 
03 
Syref^istiC parameter" 
. 09 
1 64 
1 34 
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anion, I^  is IE of cation and I'^ ^^  is the measured IE for 
the cations in presence of anions. It has been ob-
served that S values obtained by weight loss method 
.are more chan unicy suggesting that synergism phe-
nomena IS operative in the case of DQ2 + KI and DQ3 
+ KI mixtures 
CONCLUSION 
1 All of the three compounds (DQl, DQ2 and DQ3) 
inhibited corrosion of mild steel in 10% sulphamic acid. 
2 All the tested compounds behaved as mixed type 
of inhibitors. 
3. Both DQ2 and DQ3 showed synergistic effect with 
KI in sulphamic acid. 
4. Compounds DQ2 and D03 showed excellent cor-
rosion inhibition propertes and their inhibition effiaency 
was further improved on addition of inhibitor aid (KI). 
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SYNERGISTIC EFFECTS OF TRIBENZYLAMINE AND AMMONIUM 
THIOCYANATE ON THE CORROSION OF MILD STEEL IN SULPHAMIC ACID 
MOHAMMAD AJMAL, DANISH JAMAL AND M A QURAJSHI 
Corrosion Research Laboralory, Department of Applied Chemistry 
Faculty oC Engineering & Technology, Altgarh Muslim Uaivcrsity, Allgath 2G2 0Q2, INDIA 
(Received: 22 January 1998 Accepted: MSeptsrpbcr 1998] 
The inliiMtive action of tril>enzylarnine (TBA) and ammonium thiocyaiiate (ATQ ions and tlielr mixture 
. has l>een investi^^ated on the comision of mild steel in 10% sulphamic acid by weight loss method at 
temperatures ranging from 313-343 K. It Is found that TBA gives an inhibition efficieucy (IE) of 67% at 
313 K and ATC Ions accelerate corrosion. However, a binary mixture containing 100 parte per million 
(ppm) each of THA and ATC gives more than 98% Inhibition efficiency at all temperatures under study. 
Significant increase in inhiliitive performance of TBA in presence of ATC Ions Las been explained by 
synergistic mechanism. The result of potentiodynamic polarization study shows that TBA and Its binary 
mixture inhibit the corrosion of mild steel In sulphamic acid liy blocking the active sites of the steel 
surface. TBArand its synergistic blend with ATC has l>een found to ol>ey Ij»ngmuir adsorption Isotherm. 
Keywords: Synergism, sulphMmk Held, polvntiodynHnilc polarluillon 
INTRODUCnON EXPI•:KIMI•:^^TAL 
The study of synergistic action of combination of inhibitors 
is of grc-at significance for developing inhibitors of high 
performance. Numerous investigations have been n^adc on 
the synergistic inhibition of corrosion of copper (1-3] 
aluminium (4) and steel [1-Rj- Most of the investigations deal 
with synergistic effects of halidc ions with amines in 
sulphuric acid and hydrochloric acid solutions. 
Survey of literature shows that no work has lx;en done on 
synergistic inhibition of mild steel corrosion in sulphamic 
acid containing ammonium thiocyanatc ions. 
The advantages of sulphamic acid over hydrochloric acid and 
sulphuric acid for descaling of steel arc as follows: 
1. Sulphamic acid is a non-fuming substance; 
2. It is less corrosive to metals than mineral acids; and 
3. It readily removes silica scales. 
In the present uivesligation the authors have studied the 
synergistic effect of ammonium thiocyanatc ions on 
corrosion of mild steel in 10% sulphamic acid inhibited wiQi 
Iribenzylamine. 
Cold rolled mild steel strips of size 
5 cm X 2 cm \ 0.025 cm (C = 0.14%, Mn = 0.35%, 
Si = 0.017%, P = U.03% and the rest iron) were used for 
weight loss measurcmcnis and potentiixlynamic polarization 
studies. For potentiodynamic polarization studies, mdd steel 
strips of the same composition, coated with lacquer with an 
exposed area of 1 cm' were used. Electrodes were polished 
with cmcr/ papers of 1/0, 2/0, 3/0 and 4/0 grade and 
decreased with trichlorocthylenc. Sulphamic acid (CDH) was 
used for preparing solutions. Double distilled water was used 
to prepare solution of 10% sulphamic acid for all 
ex(>crimenLs. ChcmicsUy pure iribenzylamine (Fluka) and 
ammoniuni thiocyanatc (CDH) were used for this study. 
Weight IcKS i.icasurcmenis were carried otit as describcxl 
earlier [91. Polenliodyr.amjc polarization studies were carried 
out using the EG&G PARC Model 173, 
potcntiostat/galvanostat universal programmer. Model RE 
0089. All experiments were carried out at 297 t I K- A 
platinun! foil of 3 cm x 3 cm and a saturated calomel 
electrode were used as auxiliary and reference clrctrodos 
resi>ectivcly for potentiodynamic studies. 
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TAHLE I: Inhibition elficiency for different 
concentrations of TBA, ATC and binary mixture for 
corrosion of mild steel in 10% sulphamic acid at 
different temperatures obtained by weight loss method 
Inhibitor 
concn 
ppm 
InhiI)ition efficiency, % 
313 
K 
323 
K 
333 
K 
343 
K 
TBA 
50 
75 
100 
ATC 
50 
75 
100 
T3A+ATC 
50+50 
75+75 
100+100 
45 
56 
67 
-67 
-77 
-79 
99 
99 
99 
34 
44 
50 
-55 
-64 
-72 
98 
99 
99 
24 
28 
35 
-49 
-56 
-63 
98 
99 
99 
11 
15 
18 
-31 
-43 
-56 
96 
97 
99 
RESULTS 
Tlic values of percentage inhibition efficiency obtained by 
weight loss method conUining different concentrations of 
7"BA, ATC ions and their mixture at different temperatures 
ranging from 313- 343 K arc sun)niarised in Tabic I. The 
results show that TBA gives maximum inhibition efficiency 
of 67% at a concentration of 100 ppm. ATC ions aivclcralc 
corrosion of mild steel in 10% sulphamic acid at all 
concentrations. A mixture containing an optimum 
concentration of TBA and ATC ions give 98% inhibition 
cititicncy at all temperatures under investigation. The 
JccfMsc in inhibition efficiency with temperature indicates 
ilie fact that the inhibitive film fonned on the metal surface 
TAIiLE II; Electrochemical polarisation parametei-s 
for the corro.sion of mild steel in 10% sulphamic acid 
in absence and presence of optimum concentration of 
inhibitors 
Inhibitor 
concn, ppra 
con- con-
IKV VS S C E nA/cm^ 
I.E 
% 
10% sulphaniii-acid -576 105 
TBA 
100 -578 60 43 
ATC 
100 -580 263 -150 
TBA+ATC 
100+100 -570 30 71 
is less protective in nature at higher temperatures probably 
because of dcsoiplion of the inhibitor molecules from the 
metal surface. 
TTiC values of activation energy ( S J calculated from the 
Arrbcnius plot (F-'ig. 1) are given in Table II. It is obvious 
that in presence of TDA alone and a mixture of TBA and 
ATC ions the activation energy is higher than that of 
uninhibited acid solution. TTic low values of activation 
energy suggest [bat the inhibitors arc physically adsorbed on 
the metal surface |10J. 
Adsorption Lsotli:niis 
The plot of log 0 /1 -0 v.', log C for TBA and a mixliire of 
TBA and ATC ion.s are .straight lines (Fig. 2). These 
observatioiu! indicate that the inhibitors obey Lnngmuir 
adsor])tion isotherm. Langmiiir adsorption isolhenn is given 
below | I M 2 | . 
^ » l o g A + l o g C - ^ R T 
0) 
U XI U 
Fig. 1: Arrlicnius plots of corrosion rales in 
10% <{ulplmmic acid and in presence of different inJiihilors 
J. ]0% sulphamic acid 2 TBA 3. ATC -^.TBA+ATC 
IJ U l.» JO 
l«g C(pp(«) 
Fig. 2: Langmuir wisorplion isotherm plot's for tite adsorption 
of TBA ami TBA vA'IC mirlurc on the siiifacc of mild steel 
1. TBA at 333 K 2. TBA at 323 K 
i . TBA+ATC at .?.•(<K -/. TBA+ATC at 323 K 
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Fifl. 3: Potcnttodynamlc polarisation curves for mild steel in ]0% sulphamic ncid in 
ahsence ami prcMsncf of inliibitors at optimum concentration 
1. ICyfoiulpUamicucid 2. TllA 3. ATC 4. TUA+ATC 
where 0 is surface coverage, A is J constant, C is the 
coiiccniralion and Q, (he beat of adsorption. 
Table III summarises the values of free energy of adsorption 
A G ^ at different tempcratiires by the use of following 
equation (13] 
K - ^ d - O ) (2) 
where 0 is degree of coverage and C is concenti-ation of 
inhibitor in mole I"'. 
A G ^ - - R T l n ( 5 5 3 K ) (3) 
where R is constant, T is temperature and K is equilibrium 
constanL The low and negative value of G^^ indicates the 
spontaneous adsorption of inhibitors on the surface of mild 
steel. It is also s?en that the adsorption decreases with the 
TABLE III; Activation e n e r ^ (E,) and fr^ ee enerKy 
adsorTition (AG,j,) for mild steel In 10% sulphamic 
acid in al>sence and presence of inhii)ltor-s 
Inhibitor 
concn 
ppm 
10% sulphamic 
TBA 
100 
ATC 
too 
TBA+ATC 
100+100 
acid 
E. 
Kcal/ 
mole 
6.10 
8.90 
5.73 
7.67 
313 K 
— 
-7.89 
— 
-9.11 
KCaVmole 
323 K 333 K 
.. . 
-8.13 -8.21 
— 
-9.48 -9.62 
343 K 
. . . 
-8.30 
— 
-9.88 
increase in temperature indicating physical adsorption of (he 
studied inhibitors on Lhc surface oi' mild steel. 
PoUntiodynatnic polarization studies 
Table 11 gives corrosion parameters such as E,;,^ ^ I^ ^^ and 
% IE obtained &x)m potcntiodynamic polarization curves for 
mild steel in 10% sulphamic acid at 297 ± 1 K. It is evidcnl 
from the data that TBA and its binary mixture decrease 
I j ^ values. These rr.<:ults demonstrate the inhibiting 
characteristics of TBA and its binary mixture. In presence 
of ATC ions I^^ value is increased from 105 nA/cm^ to 
263 nA/cm indicating that ATC ions are corrosion 
stimulator. It is also observed that inhibitc/rs do not cause 
significant chan<;e in E^^^ values suggesting that the 
corrosion of mild steel in sulphamic acid is under mixed 
control. 
The plausible mechanism of corrosion inhibitors of mild steel 
in sulphamic acid in presence of TBA and its binary mixturc 
with ATC ions can be explained on the basis of adsorption. 
In acidic solution TBA can adsorb as protonateJ species oi. 
cathodic sites of tlie mild steel. Anodic sites can be blocked 
by adsoqition of TBA through lone pair of electrons of N 
atoms. 
Significant improvemeni in inhibiting property of TBA in 
presence of ATC ions can be eaplaiued by synergistic 
mechanism, according to which TBA and ATC ions arc 
jointly adsorbed on the surface of mild steel and cause 
enhanced iiihibition. 
Table IV sumn\arisr.s the synergism pavamtlcr (S) calculated 
by the following relation [14] 
(4) 
300 
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TAHLE IV: Synergistic parameter(S) of 
inhii)itors ohtained from weight loss method 
Inhibitor 
concentration, ppra 
TBA+ATC 
50+50 
TBA+ATC 
75+75 
TBA+ATC 
100+100 
Synergistic 
parameter 
3.45 
6.32 
9.85 
1, 
2. 
3. 
4. 
5 
where Ij^j = (Ij+Ij) - Oi - ' z ) ' " which 1, is iubibiiiiig 
efTicicncy of anion, .'^  i.s irbihiting efficiency of cation and 
I',^2 is measured inhibition for the cation in combination 
with anions. It is sc«n that the S values obtained by weight 
loss method arc more than unity suggesting that synergism 
phenomenon is operative in TBA + ATC mixture. 
CONCLUSIONS 
The study shows that a binary mixture of TBA + ATC 
mixture is an excellent inhibitor. It can be rccomniendcd for 
protection of low carbon steel during descaling in sulpbamic 
acid. 
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CORROSION AND INHIBITION OF ALUMINIUM-LITHIUM A H OY TN 
ALKALINE SOLUTION 
* 
M Q ANSARI AND M A QURAISHI 
Corrosion Research Laboratory, Department of Applied Chemistry 
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Aluminium alloys are widely used in aerospace systems and batteries The corrosion of aluminium w 
acidic, alkaline and neutral media is well known Hence the development of inhibitors for the corrosion 
of aluminium is necessary In the present investigation the inhibitive effect of sodium silicate on corrosion 
of aluminium-lithium alloy in alkaline medium has been studied by weight loss and electrochemical 
methods The results show that sodium silicate significantly inhibit the corrosion of aluminium-lahium 
alloy in alkaline medium The addition of small amount of barium chloride further enhances the inhibition 
of corrosion of aluminium-lithium alloy due to synergistic effect The plausible mechanism of corrosion, 
inhibition and synergism has been discussed in the paper 
Keywords Alumimum-luhium alloy (2091-T8). synergistic effect, sodium siUcaie, barium chloride, 3% NaOH 
INTRODUCTION 
The wide spread application of aluminium is 
a t tnbuted to its excellent properties like corrosion 
resistance electrical, thermal conductivity, 
reflectivity and hghtness I t also shows excellent 
mechanical properties a t cryogenic temperatures 
[1-2] Addition of lithium decrease the density of 
aluraimum alloys thereby making them suitable 
for aircraft applications (3). Survey of l i terature 
reveals tha t numerous investigations have been 
done on corrosion of aluminium and its alloys in 
alkaline solutions [4-10] however, only a few 
studies have been done to study the influence of 
inhibitors on corrosion of aluminium in alkaline 
solution [11-12] In the present study we have 
studied the effect of b a n u m chloride and sodium 
silicate on Al-i^ alloy (2091-T8) in 3% NaOH 
• Author for correspondence 
EXPERIMENTAL 
Materials and test solutions 
Alummium-hthium alloy (2091-T8) coupons of size 
2 X 2 X 0 2 cm having composition, Cu = 1 8-2 5%, 
Li = 1 7-2 3%, Mg = 1 1-1 9%, Fe = 0 3%, Si = 
0.2%, Cr = 0 1%, Mn = 0.1%, Zn = 0 25%, Ti = 
0.1%, Zr = 0.04-0.16% and remainder Al, were 
used for weight loss measurements The 
immersion corrosion experiments were performed 
for 72 hour at room tempera ture (308 ± 2 K) in 
3% NaOH All the experiments were performed as 
per ASTM Gl-72 and G31-72 [13] For 
potentiodynamic polarization studies, aluminium 
lithium alloy strips of the same composition 
embedded m araldite with an exposed area of 
1 crrr were used and the experiments wert 
carried out at constant temperature of 308 ± 2 K 
as per ASTM G3-74 and G5-87 [13] AR grade 
NaOH and double distilled water were used for 
preparing test solution of 3% NaOH for all the 
425 
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experiments. AR grade sodium silicate (MERCK) Mechanism of corrosion of aluminium and its 
aiid AR grade barium chloride were used. inhibition 
The potentiodynamic polarization studies were Corrosion of Al-Li alloy in alkaline solution takes 
carried out using EG & G PARC potentiostat/ place as follows 
Galvanostat (model 173), universal programmer 
(model 175) and with X-Y recorder model 
(RE-0089). A platinum foil of 3 x 3 cm and a 
saturated calomel electrode (SCE) were used as 
auxiliary and reference electrodes respectively. 
Al + H p + OH"—> AIO2 + -H2 (1) 
RESULTS AND DISCUSSION 
Weight loss studies 
The values of corrosion rate and percentage 
inhibition efSciencies obtained from weight loss 
measurements for different concentrations of 
sodium-silicate and barium chloride and their 
mixtiu-e in 3% NaOH are summarized in Table I. 
It is seen that BaClj and Na2Si03 inhibit 
corrosion of Al alloy in 3% NaOH upto a 
concentration of 0.25% each. At this concentration 
BaClj and NajSiOg exhibit their maximum IE of 
76% and 66% respectively. Beyond optimum 
concentration both the ions accelerate corrosion of 
Al alloy in 3% NaOH, it is also observed that a 
mixture" of both the ions comprising of 0.25% of 
each gives an IE of 95.6% 
Potentiodynamic polarization studies 
Potentiodynamic polarization studies were carried 
out in 3% NaOH absence and presence of both 
the inhibitors alone and in combinations. The 
various electrochemical parameters calculated from 
Tafel plots are given in Table II. It can be seen 
from Table II that the i^ ^^ values decrease 
significantly in presence of the inhibitors. At 
optimum concentrations (0.25%) Na2Si03 and 
BaClj give inldbition efficiency of 68.75% and 
62.5G'7i respectively. The best synergistic 
combination ;omprising 0.25% each of Na2Si03 
and BaClj provides the maximum protection 
(92.50%) to Al-Li alloy (2091-T8) in 3% NaOH. A 
mixture containing 0.25% BaClj and Na2Si03 
shifts the E^^ value significantly towards anodic 
side thereby exhibiting its anodic nature. 
The overall reaction as reported in the literature 
is cathodic dissolution of aluminium [14]. 
TABLE I: Corrosion parameters for aluminium-lithium 
alloy (2091-T8) in 3% NaOH at room temperature in 
absence and presence of inhibitors, derived from 
weight loss measurement 
Inhibitor concn Corrosion rate IE 
(percent, %) (mmpy) (%) 
3% NaOH 
Sodium-silicate 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
Barium-chloride 
0.10 
0.15 
0.20 
0.25 
0.30 
0.35 
0.40 
Slodium-barium-
silicate-chloride 
0.25 + 0 25 
26.25 
8.75 
7.50 
7.12 
6.25 
13.25 
45.00 
46.25 
13.87 
13.95 
11.15 
8.75 
11.75 
35.20 
60.50 
1.12 
66.6 
71.4 
72.7 
76.1 
49.5 
-71.2 
-76.0 
47.1 
46.8 
57.4 
66.6 
55.2 
-34.0 
-129.9 
95.6 
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TABLE II: Potentiodjiuimic polarisation parameters 
for alumlnium-Hthium alloy (2091-T8) in 3% NaOH at 
room temperature in absence and presence of inhibitors 
Iniiibitor concn 
(percent, %) 
3% NaOH (blank) 
Sodium silicate 
0.25 
Barium I chloride 
0.25 
Sodium barium 
silicate 
0.25 
0.25 
0.25 
0.25 
0.15 
0.20 
0.30 
0.35 
0.25 
chloride 
+ 0.15 
+ 0.20 
+ 0.30 
+ 0.35 
+ 0.25 
+ 0.25 
+ 0.25 
+ 0.25 
+ 0.25 
E 
corr 
(mV vs SCE) 
-1590 
-1360 
-1395 
-1335 
-1310 
-1305 
-1309 
-1388 
-1370 
-1361 
-1350 
-980 
coir 
(m.\.cm ) 
80.00 
25.00 
30.00 
20.00 
15.00 
15.00 
30.00 
30.00 
25.00 
20.00 
15.00 
6.00 
IE 
(%) 
— 
68.75 
62.50 
75.00 
81.25 
81.25 
62.50 
62.50 
68.75 
75.00 
81.25 
92.50 
Inhibition of Al corrosion in alkaline medium in 
presence of CI" ions can be explained on the 
basis of following mechanism proposed in [15]. 
Alsurf^  + 3 Cr —> [AICI3] + 3e-
[AlCl3],„,f,„+ n H p —> [AlCl3(K20)„],„,f,„ 
[AICI3 (H20)„],„rf,„ —> Al^ ^ + 3Cr+ nH,0 
(2) 
(3) 
(4) 
leads to inhibition of M-Li corrosion. However, 
beyond optimum concentration step (W) becomes 
fast that causes acceleration of corrosion. Silicate 
ions at optimum concentration form insoluble Al 
silicate film at Al surface which inhibit the 
corrosion of Al in NaOH as reported in [16], 
However, further increase in concentration of 
SiOg " ions facilitates decomposition of this 
complex thereby causing acceleration of Al 
corrosion. 
xAl + ySiOj + OH" = [ComplexJ (5) 
[Complex] = XAP" + ySi03"+Oir (6) 
The structure of complex proposed in [16] is given 
below. 
O O-
-O-Si-O-Al-O-Si-0-
I I I 
O OH O 
I 
0-Si-O 
I 
o (7) 
Mechanism of synergism 
It is seen (Table I) that a mixture consisting of 
0.25% each of NajSiOg and BaClj gives a IE of 
95.6% which can be explained on the basis of 
synergism mechanism according to which 8103" 
and c r are jointly adsorbed on the metal surface 
and bring about enhanced inhibition [17]. 
CONCLUSION 
The mixture of Na2Si03 and BaCL (0.25% of 
each) may be used for the protection of corrosion 
of AI-Li alloy (2091-T8) in 3% NaOH. 
At optimum concentration of CV ions step (iv) Acknowledegentent: One of the authors (M Quraishi) 
is the slowest and rate determining while i and thanks Professor E S Dwarakadasa, Professor, 
n occur at fast^ rato thereby facilitating the Department of Metallurgy, lISc Bangalore for providing 
adsorption of CI ions on the Al surface. That the sheets of Al-Li (2091-T8) alloy. 
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ABSTRACT 
The paper industry in India poses serious threats due to high cost 
involved in the replacement of materials and maintenance. Among 
the wide spectrum of preventive measures available, the addition of 
inhibitors is a reliable and cost effective way of dealing with corrosion 
problems. The present investigation aims at evaluation of a few 
organic compounds, namely Diphenyldithibiuret (DPDB) and 
Tolylphenyldithiobiuret (TPDB) on corrosion behavior of mild steel, 
steel 316 and bronze in simulated corrosive environment 
encountered in paper industry. 
519 
INTRODUCTION - Paper is an important material in the economic 
development of a country and its demand is increasing day by day. 
Corrosion poses serious problem in the paper industry especially at the 
digester, bleaching and paper machine section. A variety of stainless 
steel alloys are being used to control corrosion problems in these 
sections of the industry. However, these alloys suffer pitting and crevice 
corrosion. Numerous investigators have worked on the control of 
corrosion in the different sections of the paper industry. The properties of 
various polymeric materials pol^ A/inyl chloride, natural and synthetic 
rubbers, polyesters, epoxides and composites which are used in paper 
industry/ to handle bleach plant chemical like chlorine, alkali, hypochlorite 
have been studied by Trivedi [1]. Muller [2] pointed out the influence of 
chloride ion concentration on pitting and suggested that corrosion might 
be reduced by increasing the pH above 3 and proposed the use of 
alternative materials such as titanium and fiber glass for cathodic 
protection. Studies by Gamer [3] indicate that recycling of filtrates can 
cumulate corrosion problems. Garner [4] evaluated a number of 
bleaching plant materials by exposing sections of pipe in a D1 washer 
seal tank. Haste alloys G-30 experienced' a significant attack whereas 
haste alloys C-22, C276 and Inconel 625 did not show any localized 
attack. Bennet [5] evaluated the localized corrosion behaviour of 316L 
stainless steel in chlorine dioxide bleach stage washer environments 
with peroxide additions by potentiodynamic anodic polarization 
technique. Several investigators have shown that presence of 
thiosulphate ion increases the corrosive nature of the environment 
thereby causing the materials to undergo several damages [6-8] among 
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the available methods of corrosion control the use of inhibitors is one of 
the most reliable and cost effective methods of corrosion control. Hence 
in the present work we have investigated the inhibiting action of a few 
organic compounds namely, Diphenyldithibiuret (DPDB) and 
Tolylphenyldithiobiuret (TPDB) on corrosion behaviour of mild steel. 
steel 316 and bronze in simulated corrosive environment encountered in 
paper industry. 
MATERIALS AND METHODS 
The efficiency of the inhibitors was evaluated in the different 
corrosive sections of the paper industry. The composition of the 
simulated corrosive environment encountered in paper industry is given 
in Table 1-3. 
Table-1 : Composition of the simulated White Water 
NaCi 1000 ppm 
Na2S04 1000 ppm 
Na2S203 50 ppm 
pH 3.5 
Temperature 55°C 
Time 3 days (72 hours) 
Table-2 : Composition of the simulated Bleaching Water 
NaCI 1000 ppm 
Na2S04 50 ppm 
NaOCI 5000 ppm 
pH 8.5 
Time 3 days (72 hours) 
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Table-3 : Composition of the Washer Section 
NaCI 5500 ppm 
Na2S04 50 ppm 
pH 1.8 
Temperature 55°C 
Time 3 days (72 hours) 
Electrochemical experiments were carried out as per standard method 
using mild steel, steel 316 and bronze strips of size 2 cm by 2.5 cm. The 
strips coated with Lacquer with a exposed area of 1 cm^ was used for 
potentiodynamic polarization studies. Potentiodynamic polarization 
studies were carried out using EG & G Pare model 173 potentiostate, 
universal programmer model 175 and x-y recorder model RE0089. A 
platinum foil was used as oxiliary electrode, saturated calomel as 
reference electrode. The structure of inhibitors used in the present work 
is given in Table 4. 
RESULTS AND DISCUSSION 
In the present investigation the inhibitive effects of diphenyldithiobiuret 
and tolyl-phenyldithiobiuret on corrosion of mild steel, steel 316 and 
bronze, in three different corrosive environments vix white water, 
bleaching water and washer section has been evaluated by 
potentiodynomic polarization method. The results of the investigation are 
summarized in table 5-7. It is seen that the corrosivity is maximum in 
washer stage. It may be attributed to high calt concentration. The higher 
•:>! -}i 
TABLE-4 
DITHIOBIURETS USED 
N H — C — N H — C — H N -
II II 
s s 
1,5-diphenyl-2,4-dithiobiuret 
(DPDTB) 
NH C—NH—C—HN 
S S 
Dr CH3 
-tolyl-5-phenyl-2,4-dithiobiuret 
(TPDTB) 
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corrosivity of white water as compared to bleaching water may be due to 
its low pH. In all the three corrosive sections tolyl derivative showed 
higher I.E. than phenyl derivative. The higher IE of tolyl derivative may 
be attributed to positive inductive effect of CH3 group which favour 
greater absorption of inhibitor molecules (TPDB) than (DPDB) there by 
giving rise to high I.E. 
CONCLUSIONS 
1. The corrosivity of waher state wash maximum followed by 
white water and bleaching section. 
2. TPDb showed better inhibition efficiency than DPDB in all the 
corrosive medium studies for all the metals investigated in the 
present work. 
3. MS can be used as an alternative to steel 316 in pulp paper 
industry. 
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Tabl©-G. Potentiodynamic polarization parameters for corrosion of mild steel in 
simulated white water, bleaching water and washer water containing different 
concentrations of inhibitors. 
System 
VWV(MS) 
DPDB 
25 
50 
100 
200 
300 
TPDB 
25 
50 
100 
200 
300 
BW(MS) 
DPDB 
25 
50 
100 
200 
300 
TPDB 
25 
50 
100 
200 
300 
WS(MS) 
DPDB 
25 
50 
100 
200 
300 
TPD3 
25 
50 
100 
200 
1 300 
Ecorr m V 
-550 
-548 
-590 
-508 
-540 
-510 
-520 
-500 
-540 
-598 
-550 
-510 
-561 
-570 
-580 
-564 
-582 
-504 
-493 
-466 
-486 
-466 
-450 
-450 
-502 
-403 
-396 
-460 
-444 
-414 
-380 
-430 
-460 
Icon iiAcm2 
10 
77 
50 
42 
40 
35 
45 
40 
20 
7 
3.5 
30 
16 
12 
4.5 
3.9 
3.5 
14 
12 
8 
5 
2 
120 
50 
16 
15 
9 
8.9 
20 
9 
7.5 
7 
6,8 
I.E. % 
— 
23 
50 
58 
60 
65 
55 
60 
80 
93 
96.5 
— 
46 
60 
71 
83 
88.3 
53 
60 
73 
83 
93.3 
— 
58.3 
86.6 
87.5 
92.5 
92.6 
83 
92.5 
93.3 
94.1 
94.3 
^-!0 
Table-6. Potentiodynamic polarization parameters for corrosion of 
Stainless steel 316 in simulated white water, bleaching water and 
washer water containing different concentrations of inhibitors. 
WW(SS316) 
DPDB 
25 
50 
100 
200 
300 
TPDB 
25 
50 
100 
200 
300 
BW(SS316) 
DPDB 
25 
50 
100 
200 
300 
TPDB 
25 
50 
100 
200 
300 
WS(SS316) 
DPDB 
25 
50 
100 
200 
300 
TPDB 
25 
20 
100 
200 
300 
730 
-500 
-410 
-430 
440 
-460 
-406 
-384 
-410 
-430 
-400 
350 
-424 
-399 
388 
-422 
-370 
-420 
-446 
-450 
-440 
-350 
-330 
-320 
-330 
-360 
-360 
-286 
-342 
-320 
-300 
-344 
-344 
71 
60 
40 
20 
16 
15 
17 
12 
10 
9 
3.4 
55 
35 
33 
30 
15 
14 
20 
8 
6.5 
5 
3.5 
80 
25 
24 
17 
15 
10 
30 
20 
15 
9 
6 
1 
15 
43 
71.8 
77.4 
78.8 
76.0 
83.0 
85.9 
87.3 
95.3 
~ 
36.3 
40 
45.5 
72.7 
74.5 
63.6 
85.4 j 
88.1 
90.9 
93.6 
— 
68.7 
70 
78.7 
81.2 
87.5 
62.5 
75 
84.2 
89.7 
92.7 
Table-7. Potentiodynamic polarization parameters for corrosion of Bronze in 
simulated white water, bleaching water and washer water containing different 
concentrations of inhibitors. 
System 
WS(Bronze) 
DPDB 
25 
50 
100 
200 
300 
TPDB 
25 
50 
100 
200 
300 
BW( Bronze) 
DPDB 
25 
50 
100 
200 
300 
TPDB 
25 
50 
100 
200 
300 
WS(Bronze) 
DPDB 
25 
50 
100 
200 
300 
TPDB 
25 
50 
100 
200 
300 
Ecorr m V 
-196 
-182 
-184 
-210 
-162 
-160 
-280 
-180 
-180 
-190 
-200 
-200 
-274 
-286 
-266 
-+266 
-270 
-240 
-230 
-186 
-210 
-220 
-198 
-206 
-204 
-170 
-168 
-190 
-208 
-198 
-166 
-146 
-116 
Icm HAcm2 
25 
24 
22 
21 
20 
11 
16 
13 
8 
5 
4 
•20 
3.5 
3 
2.5 
2 
1.9 
4.5 
3.5 
1.3 
1.0 
0.5 
35 
12 
9 
7 
6 
4 
10 
5 
2.5 
2 0 
1 7 
I.E. % 
— 
4 
12 
16 
20 
56 
36 
48 
68 
80 
84 
— 
- 82.5 
85 
87.5 
90 
90.5 
77.5 
2.5 
93.5 
95 
97.5 
— 
65.7 
74.2 
80 
82.8 
88.5 
71.4 
85.7 
• 92.8 
94.2 
95 1 
